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Fi \v coniinodiHrs ontor loss <)ii'4‘(il\ into (‘(>nsiiiii|>tioii ttnni linsmi 
oil. _\«‘l IVuor still liinl ns \\n\v a of iiiiportant n|>|>li<nfi<»iis. 'Flu* 

stnl-misliii)^ nnliistrii's an> roin])l<'\ in tltoir o|MTnti\4' iih'IIhmIs am! 
<‘oiinni‘r)‘inl n'lations, ratlior than uilli irspot*! to tin* itiai'liitMTV ami 
('({uipinciil oMiployi'fl. 'Pln'M* <*onipli('atioiis ^i\(‘ opporlniiity for in- 
slrm1i\i' stmly ulmh is, in its «Mitoom<\ Mij(f;i“sli\o to any iimnu- 
faotnior. 

'FIh' fii*st 4'i^lit ohapli'i's deal uilh vlamlai'd f<irins of 4^jiiipni('iit, with 
whit'll 4*nisli<M‘s an* ^oiHTalU Ilniron^hlN faniiliar. Il i.s iH'lii'Vod, how- 
I'Vt'i. that tho ih'soriplioiis and ilhislralitais forin a oidlattsl l>t)d\ 

of infoniialion inort* roailily availahlo for usi* in this form than ofh4>r- 
wise. 'I'hcy atv um|iirslii»mihK msr.ssary to alT4)r4] (•4)mplft4'm*ss to the 
rtwii'W. AiiK'rii'an praoliot' is throu}>hou1 li‘<‘al<’<l as stamlanL lad ooii- 
staid r4'iVr('iH‘4‘ is mado tt> Iht' wmh'ly divcrfriii^ iiii'lhotis which pnwail 
abroad, whtTi* the linscisl-cnisliinf]; iinlustry is ('umlm ti'd on iliaiiH'tri- 
calK difftT4‘iit principles. 

Stnnc apoh»^y may Im* m’cessary for the intnMhiction of al^idiniie 
notations in Chapters 11, V, 1\. and 'FIk* subjects tlisciisstsl IniM* 
birn ht'iTlofore lr('at4sl in a purelv tjualitativc way and with liltle 
a^its’iiN'iil as t4> pra<-lit*al ptdicii's. It is ladieved that the more (pian- 
titalive j;eneral analysis hen* pn’sented is bt'ttiT fitlisl for tlw (hvelop- 
nn nt of 4)peralin^ stamlards. 

'ni4‘r<‘ art' extant many ex(‘<'lh‘iit manuals tin tiil analysis. It has 
stHMiit'il (h'sirable, laiwiwer, to ineorporali' with tin' text the chemical 
inctlitMls in j;en4'i*al use f4>r dt'tcrminin^ purity. These' are to some 
extent avaihiblt' to the analytical cla'inist from othc'r simrces. I'tie 
prc‘s4'ijt work, with a ^^tiod j((*n<‘ral texl-btiok on tpiaiitilative analysis, 
.should furnish a mtlu'r more' (‘omleiisc'd ami coiivt'iiicnl manual for the 
usual practitioner. 
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BIBLIOGRAPHICAL NOTE 


Thk prinripal puIJications dealing with liiiiieed oil have diseuased 
the .suhjn-t from the ehemieal atandpoint. Sueh works as those of 
1 jvaehe,' Mulder,* Andes,’ Hurst,* Wright,’ Braunt,* and Lewkowitseh ’ 
illustrate the eliuss of ehemieal manuals referred to, dealing with oil 
analysis, and particularly, in some eases, svith drying oils. 'Hie only 
(smsidendile (S)llecti(m of data on the ojawation of linseed oil mills 
is that (smtained in a Ismk hy .lohn Bannon, entitlesl Linseed Oil 
Maiiu/aelure and Treatment, puhh'.shed in IH!)7.' Information nioie 
s|ieeifieully ak>ng manufaetnring lines is given in an excellent {aunphlet 
hy S|«-neer Kellogg, puhlislusl in Buffalo, 1903. This is, however, very 
hrief. Information of esj)eeial value*, which has laa’n of unusual sendee 
to the WT-iter, is to he found in the ])ages of the trade jaija-rs, including 
The Paint, Oil, and Drug lleporter of New York, tlie Paint Oil, and 
Drug Renew of Chicago, luid several others. Official sources freely 
used in die pre.sent work include tlie Rules of the New Tori Produce 
Ejreltunge, die Rules of the New York Linseed Association, the regula¬ 
tions of die Minnesota Grain Commission, of the Chicago Roard of 
Trade, etc. The effort has lieen made to give due credit in the text to 
all odier sources from which information has been drawn. 

■ I'amiskes, Oil Ormhiag, etr.; IJvache and McIntosh. London: Scott. Green¬ 
wood & Co. 

* Die Chemie der AustrocHetiden Oelr. 

* Drying Oils, Boiled OU and Dryers. Scott, Greenwood & Co. 

* Dietumary of Chemicals. Scott, Greenwood & Co, 

* OU Analysis; C. Alder Wrifjht H. C. Baird & Co. 

' AtUnutl and Vegetable Vais and Oils H. C. Baird & Co. 

’ Chemical Analysis of Oils, Fats, and Waxes, London: Macmillan & Co. 

* The National Frovisioner Fubliahing Company, Chicago. 
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LINSEED OIL AND OTHER 
SEED OILS 


CHAPTER I. 

IN'ntODUCroHY. 

Development of the iinseeH-uO induetry in the United Btatee during the past half een> 
tury.—Operation and equiianent of eariy iiiilla,—Migration and exteiifdon of the 
flax erop.—Iiuproved maeliinery and nimmereial eonditiona.—I’neaent produetion 
of linseed oil.—Reeeipt of seed at tlie mill.—Sereening.—Treatment of sereenings. — 
Griudiug.--The heaters. --Olrjrs-t of heating the meal.—Molding.—l*ressing.— 
Hydrauiie s}ste?ns.—I'rinuning.—raekiug tlar eake.—Filtering, -riie markets for 
seed, oil, and eake.—Effect of freights on (swt of 0 |)eratiuu.—Desirable locations for 
linseed.oil mills.—Some leading crushers.—The eotbm-sccd imiustry.—A typical 
modem linseed-oil mill.—I'hc hugest mill in the world. 

Until about 1850, the cultivation of flax in tlic United States was 
praiticed chiefly with a view to the utilization of the fiber. The .seed 
was a waste product, or at Irest a by-product. During the past fifty 
years this condition has ticen wholly changed. The fiber is now almost 
universally wasted, the seed having become the sole object of cultivation. 
From it arc produced linseed oil and linseed cake. 

From a very early date, oil has lieen extracted from the seed of the 
flax by means of hand screw presses. These were su[>erseded early 
in the last century by horizontal hydraulic presses, which, in turn, were 
displaced by vertical hydraulic presses, patented by Edwin Hills about 
1850. The seed was handled entirely by manual lalror. It was first 
fed to a pair of horizontal cast-iron nrlls which gave it a preliminary 
crushing, then shoveled to the “mullcr” stones, described m Chap¬ 
ter III. The seed was finely crushed between the muUers and the bed 
stone, being meanwhile kept thoroughly wet. After reaching the proper 
xmdition of finene-ss and moisture, the meal was “cooked” in steam- 
^^ed kettles, and then placed in woolen bags, which were laid in an 
mvebpe of woven hair and subjected to the action of the press. The 
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hard cakes left after the expression of the oil weighed eight or nine pounds 
each, and tlie u.suat type of press held from six to eight cakes. About 
.sixty )»unds of cake were therefore turned out at each pressing, against 
an average of prolmhly 9)() [muiids iit the present day. The cakes 
contained up to 15 per (snt of oil. 

Up to the time of the war of secession, the national output of lin.see^ 
oil did not exn-ed 1,(KKI,(KH) gallons p<>r year, there U-ing rmpajJj^Cjn 
order to supply the demand for oil, alxmt 6,000,000 gallons additional, 
in oil or in its seed e(|uivalent. From alwut 1866, the cultivation of 
flaxseed moved westward from ()hio into the virgin soils of the prairie 
.states. Flax was found to Im- a good "first” crop on new land, and its 
production inereasisl enormously. Meanwhile, improved industrial 
conditions .stimulated the demand for Im.seed oil and its products. In 
ten years the flax crop (juadrupled, yet tlie seed was practically all 
enished. and the products marketed, west of the Alleghenies. The East 
was still obliged to depend for its requirements upon imports of seed or 
oil, the former coming usually from India. 

Shortly after 1870, the old-fashioned muller stones were discarded in 
favor of the present type of chilled-iron rolls, arranged vertically one 
aliove another in "stands" four or five rolls high. These produced 
fine, dry meal from the whole seed. At the same time, the pn-.sent 
metliod of (sioking the meal in steam kettles, imparting the necessary 
moistun* by means of eitlier sb'am or water introduced into the kettle, 
was sueeeasfully inaugurated. Concurrent improvements were made 
in commercial conditions afl^ecting the industry. Prior to 1880, flax¬ 
seed had l)een shipped in liags, usually furnished by the oil manufac¬ 
turer to the farmer. Seed for sowing was also supplied, contracts being 
made for the resulting crops. By 1885, these practices were discontin¬ 
ued, the oil mills buying their raw material in the open market. Ship¬ 
ment of seed in bulk was introduced and almost immediately became 
universal. Flaxseed in quantities is now always stored and handled 
in precisely the same manner as com, wheat, and other grains. Steel- 
tank storage for both seed and oil, and bulk shipments of oO in tank 
cars, have also superseded older methods to a large extent. 

By 1891, the ttomestie supply of flaxseed had overtaken the demand. 
Since that date, the United States has lieen an exporter of .seed,‘im¬ 
porting, in the face of a heavy duty, only during short-crop periods 3 
' Prindpally from tlie ports of New York, Boston, FhiUdelpliis, and Baltimore. 
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to satisfy special local demands for oil from imparted seed. Practi¬ 
cally no linseed oil is exported from the United States, and very little 
is imported, the duty being 20 cents per gallon. The domestic con¬ 
sumption of oil seldom exceeds 60,000,000 gallons annually, requiring 
aliout 24,000,000 bushels of seed. The average production of seed from 
1898 to 1903 was al«ut 24,000,000 bushels, resulting In a considerable 
surpips necessarily exported or earrietl over from year to year. Tlie 
increased production during the past four years has l)een concurrent 
with a similar, though not an esjual, increase in consumption. 

At the present day, although some important modifications in the 
usual mode of treatment arc l)eing introduced, linseed oil is commonly 
expressed from the .seeds of the flax plant by means of the hydraulic 
press. ITie pna-ess, as exemplified in the Unital Stales, involves the 
following opi^rations; Tlie .seed is u.sually nveived either from imats 
or from ears. If from lioats, the usual form of marine “ leg” employed 
in grain elevators is lowered tlirough the various hatches, sueeeasively, 
the seed l>eing thus carried up the leg hy means of a bucket elevator, 
and dLsehargcsl through scales to a la>lt conveyor which distributes it 
to tlie storage tanks. As the grain is cleaned down, the lalwr of 
“triminers” lietsimes neeeasaiy to shovel the seed toward the elevator 
Ixiot, the final cleaning up of the Ixiat's hold lieing aeeomplislicd by 
sweeping the seed into hags. Shipments hy rail are dumped from the 
side of the ear into a eliute, spilling lieing avoided by jomts of liagging. 
This diseliaiges into a pit in which is located the boot of a .stationary 
bucket elevator. The trimming of the cars is done by a wide shovel, 
guides] by hand but ojierated by power. 

Tlie seed having lieen weighed and delivered to the storage tanks 
is taken out as needed by stationary elevator legs ferl at first by gravity 
and finally hy mcims of the power shovel. These elevators discharge to 
belt or seTcw conveyors which carry the .seed to the sifters. The last 
are oscillating screens, intended to take out only the coarser particles 
such as grains of corn and wheat, and sometimes bits of metal, nails, etc. 
Such screenings are collected and discarded. The finer impurities 
carried in the seed are not removed by this method of screening. When 
seed is received by direct shipment from the grower, as is frequently 
the Me at some of the western oil mills, the percentage of fine impuri¬ 
ties usually very large. Special treatment then becomes necessary. 
^Lially, the impurities are removed from the seed before cruriiing fte 
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latter, in order to avoid impairing the quality of the oil. The screen¬ 
ings are then sometimes separately crudied, producing a small quantity 
of inferior oil, and a soft cake which can be used only as an adulterant 
for oil meal. Sometimes the screenings are mixed directly with the oil 
meal, but this is mote likely to impair the quality of the meal than the 
former procedure. Sometimes they, or the cakes from them, are mixed 
with ground flaxseed; occasionally they can be sold aa seteeniugs at 
a fair price. 

From the sifters a third system of elevators and conveyors carries 
the seed to the working bins over the rolls. Screw conveyors running 
under the working bins distribute the seed to the feed boxes of the 
various roll “stands,” and the seed drops in a thin stream to the fluted 
top roll, which spreads it across the entire width of the face of the rolls. 
Usually one stand of ndls is provided for each three presses. The 
stands are five rolls high, and as the .seed passes between each two rolls 
it receives four successive crusbings, being subjected to the greatest 
pressure, and consequently most finely ground, during its last transit 
The chilled-iron rolls reduce the seed to fine meal, which is conveyec 
to the heaters or kettles. 

When cold-pressed oil is produced, the heater is not used. Very littl< 
cold-pressed oil is made at the presort time. Ordinarily, one heater is 
installed to serve from five to seven presses. In the heaters, the meal ir 
subjected to heat, moisture, and agitation. The temperature is usually 
raised to about 180 degrees, the meal meanwhile being thorough!] 
stirred and nuxed. Proper treatment in the heaters mcreases the yielc 
of oil from the seed. The introduction of moisture into the meal breaki 
up the oil cells from the sedimentary particles, and is known to facilitah 
expression. As little moisture should be used as possible, however 
since wet meal has a detrimental mfluence on press cloths and on th( 
quality of the cake. All moisture imparted in the kettles must eventuall] 
be evaporated from either the oil or the cake. It is therefbre considerec 
good practice to introduce as little moisture as possible, and in fact 
excepting with very old, dry seed, 8ome.mills inject no moisture whatever 

After the' meal has been properly cooked or “tempered,” it is drawi 
out in fixed quantities of about 20 pounds at a time to file moldinj 
Biachine or former. In this, it is subjected to moderate hydrs)jUc o 
steam pressure, or sometimes to the direct application of power, forn^l 
a compact cake, wrapped in a blanket of camel’s hair, known as ffl 



INTHODUCrOHY. 


6 


* press doth.” The operation of the oil mill, up to the condusion of 
the tempering, is continuous, and nearly automatic. With the mold¬ 
ing of the cake, manual labor comes in. One former is used with each 
heater. As the cakes are formed, they are carried to, and placed in, 
the press. This is usually con.structed to hold from 18 to £4 cakes, 
one lying on top of another with iron plates interposed. If the cake is 
to lie branded; the brand is produced by a die worked in the plate. 
Ordinarily, in this country, tlie plates arc padded on each side with wire 
and hair mats, which are less severe on the expensive press doth than a 
bare iron plate. Sometimes, however, Iiarc plates are used, with eorru- 
gations to prevent the pre.ss clotLs from slipping out. Every precau¬ 
tion is taken to keep the meal hot while in the press, in order to keep 
up the yield of oil. 

Tlie presses are each provided with a ram, usually aiiout 16 inches 
in diameter, which travels from Mow upward, from a strong < 7 lindcr 
in which the desired hydraulie pressure is maintained. Two pressures 
and two complete hydraulic systems are usually employed, one operating 
at from 400 to SOO pounds per square inch, the other at from £800 to 
4000 pounds. The lower pre.iBmre is first applied. This rapidly com¬ 
presses the cakes and finally causes the oil to start flowing; atwhich point, 
eitlier by hand or automatically, the pre.s8 cylinder is discoimected from 
the low-pressure system and coimected to the high-pressure line. This 
more intense pressure expresses the greater part of the oil from the 
cakes. It is continued for several minutes. The oil drains from the 
plates (slif^tly inclined toward the rear) to galvanised iron gutters, 
which carry it to a down spout on the back of the press. The spout 
di.scharges into wood boxes or troughs, iriiich carry the oil to the tanks, 
the incline and arrangement of troughs lieing such as to afford a con¬ 
siderable time for the settlement of suspended matter from the slowly 
moving current of oil. After the cakes have been in the press for from 
SO to 60 minutes, the ram is lowered and the cakes removed. These 
are now as hard as boards, and the press cloth adheres to them firmly. 
This is removed, or “stripped,” and the cakes trimmed, either by hand 
or by machine, to remove the soft edges, whidi contain a relatively high 
percentage of oil The “trimmings” are ground to meal and returned 
to thjieaters to be re-pressed along with fresh meal. IVhere the cakes 
aqy required to be of exact dimensions (which is rardy the case) tiie 
necessary size is obtained adjustments in the trimming. 
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The trimmed cakes are packed, by hand or mechanically, in bags 
holding from 275 to 375 pounds each, and are then ready ibr weighing 
and export .diipment. American .stock-raisers are prejudic-ed against 
the feeding of linseed cake, and practically all of it is exported, excepting 
such as may be ground up into oil meal, for which there is a limited 
domeiitic demand. 

The “raw" oil from the press-room tank, after seKling for some 
hours, Is pumped to tlie filter presses, where it slowly percolates through 
canvas cloths, depsiting much of the sediment which it contains. After 
a more or less protracted period of storage in tanks, it is ready for the 
market. A eomsiderablc prtion of the oil is in most mills subjected to 
siKX'ial supplementary treatments, which will be dc,scril)cd later. In fit 
it for use m certain speeifle applications, as for varnish making, the 
iiianufaeture of oilcloth, etc. 

Certain natural and commercial eonditions underlie and affect the 
entire organisation of the linseed industry. The bulk of the flaxseed 
is obtained from Minne.sota and Dakota, the primary markets being, 
for lake shipments, Dulutli, and for rail shipments, Minneapolis. An 
inferior grade of .seed is grown in Kan.sas and Nelmska, for which 
market is found at Kansas City or Chicago. Cliieago reexives seed 
from Ixith terriinries, usually by rail from the northern district. The 
“ we.stem ” mills, by which are meant mills located at or west of Chicago, 
form a class distinct from those in the East, Generally they pay less 
for tlieir seed, and receive a less pure .seed. Their opration is apt to 
l)c rather leas economical. As an ordinary rule, they grind their output 
of cake. Their markets for oils are less diversified, and tliey con¬ 
sequently produce larger proprtions of ordinaiy raw oils. The Minne¬ 
sota and Dakota .seed is known as “Northwestern”; that from Kan.sas 
and Nebraska as “Southwestern.” Eastern crushing pints, like 
Cleveland, Toledo, Buffalo, New York, and Philadelphia, receive 
Northwe.stern seed by lake, or lake and rail, usually from Duluth. A 
gradually increasing crop of flaxseed is being produced in the extreme 
Northwest, in the states of Oregon, Washington, Id^, and Montana. 
This is marketed in the linseed-oil mills at Portland and San Francisco. 
The yield of oil usually obtained from this seed is better than that from 
the Southwestern seed but not as good as the yield from Northi^tern 
seed. It is probable, however, that a better yield could be obtaine^yhy 
improved operation in the mills. ^ 
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Mills on the Atlantic seaboard have no rail freight to pay on cake. 
Western mills must pay lake and rail, or all rail freight. The closing 
of the lakes each winter removes the economical advantage of lake 
shipments, excepting as seed or cake may l)e stored in quantities suffi¬ 
cient to tide over the period of closed navigation. Seed is usually thus 
stored; cake, never. The oil finds its principal markets m or near the 
laigcr (itics. ^Boston. New York, Philadelphia, St Louis, Chicago, and 
Cleveland are large markets for. linseed oil. 

The location of a linseeel-oil mill is determined largely by the question 
of freights. This is the case, proliably, in any bu.sincss, Imt the matter 
is complicated in the linseed-oil industry because of the fact that there 
are three freights to consirlcr. It is further complicated Irecause the 
freight is an extremely large clement in the co.st of operation. In the 
lin-secd business, the raw material, flaxseed, absorbs upwani of 7o per 
(vnt of the total cost, and of the n'maming 25 per cent more than 
one-half is frequently represtmted by the freight expense on seerl, oil, 
and cake. Transportation of linseed oil by pipe lines has not been 
^sugge.sted. Ilie amount of oil to Ire transported is too small to permit 
of covering tlie fixed charges on a pipe line by the saving in freight; and 
the oil (siuld not be carried in an existing pipe line u.sed for crude or 
even refined petroleum, on arsount of the contamination of the linseed 
oil that would follow. 

The ideal location for a mill would l)e at a primary seed market on 
the Atlantic sealward and at a large local oil market. These three 
conditions unfortunately do not exist concurrently. Buffalo is a good 
loeation, having direct lake connection for .seed from Duluth during 
much of the year, ample elevator storage for the iulancc, and faeilities 
for cheap shipment of cake to seaboard by canal during the open months; 
and these advantages have given it several linseed-oil mills, making it 
tlie largest crushing center in the country. Cleveland has the same 
seed advantage as Buffalo, but not the cake advantage. It has, how¬ 
ever, a very large local oil market and a large linseed-oil mill. Chicago 
has several oil mills, with a large local consumption, but is handicapped 
by the long cake shipment. Minneapolis has several mills, being located 
immediately at a seed market, but is obliged to ship out to St Louis 
or the East the bulk of its oil.> Toledo is located like Cleveland, 
but without as good a local market. It has tiuree oil mills, New York 
' See note, page 270, 
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and Philadelphia pay no rail freight on cake, but both pay a large freight 
on seed, and neither could exist as an oil-producing center were it not 
for the large local consumption of nil. Boston, although a sealward 
point and a good oil market, cannot support an oil mill on account of 
the long rail freight on the .seed. New York has the advantage of receiv¬ 
ing seed by cfuial from Buffalo during the open season. ^ 

The linseed industry at tlie present time suffers from a tendency to 
overproduction, due to the fart that more mills have been ererted than 
are required to take care of the domestic demand for oil. Many of 
these mills are, however, disadvantageously located, a point which has 
resultisl in the steady growth of new e.stablishmcnts l>ctter locaterl. 
During the past forty or fifty years, while the center of flaxseed culti¬ 
vation has moved from Ohio to Minnesota and Dakota, many mills 
have ircen abandoned in Ohio luid Indiana, for no other reason than 
that agricultural conditions had left them stranded, away from a base 
of .seed supply. Chicago was once the principal flaxseed market. If 
it were not for the large local consumption of oil in Chicago, the west¬ 
ward movement of the reed crop would have inevitably closed the crush¬ 
ing establishments there. While many sections of the middle West 
are thus dotted with abandoned oil mills, there have been new and better 
mills, more strategically located, under construction almo.st constantly 
for some years past. The later mills are generally of larger size and 
are Iretter equipped than their prcdeci'ssors. Buffalo, Cleveland, and 
Minneapolis-St. Paul have profited most by these new in.stallations. 
Conditions change so rapidly, and mills are discontinued or enlarged 
so frequaitly, that any list of linseed crushers would soon become 
oksolete. The largest interest is that of the Ameriom Linseed Com¬ 
pany. owning about sixty mills and sales stations m various cities. 
Many of its mills are closed, however, and it operates, more or less 
intermittently, only twelve crushing establishments, aggregating about 
860 presses. A close competitor is Spencer Kellogg in Buffalo, who 
operates continuously about 140 presses, in the largest linseed-oil mill 
in the world. The National I.«ad Company has mills in New York, 
Philadelphia, and Alle^eny. A large proportion of its product is 
consumed in its own white-lead factories. Aside from these three, 
there are many smaller crushers. 

Natnrdi and commercial conditions have also resulted in a form of 
developmoit in the linseed-oil industry which is strongly contrasted 



INTHODUCrOHY. 


9 


with that in the huger business of crushing cotton seed. Ihe seed of 
the cotton plant is readily damaged by heat or moisture and cannot, 
therefore, lie transported in bulk.' Cotton-seed crushing is conse¬ 
quently always a local indastry and the mills are generally small. The 
result is that the process of manufacture has not been developed as 
fully as in the rase of linseed-oil mills. Furthermore, cotton seed is 
cheaper thifi flaxseed, and contains less oil (alxjut 20 per cent), while 
the cotton-seed cake commands a higher price than lins(>ed cake; condi¬ 
tions which lead to a relatively slighter emphasis on maximum yield of 
oil. The linseed enasher aims to obtain a yield of nearly 800 pounds 
per ton of seed. The cotton-seed crusher awrages leas than half of this 
and sells his oil at a lower price than linseed oil. The linaeed-oil indus¬ 
try, as rondueted in Kngland, resembles in some respects the cotton¬ 
seed industry here. The British crusher pays less for his flaxseed than 
we do. He gets less for his oil and more for his cake; consequently 
he (k>es nut aim to secure as high a'yield of oil as we do, and in this 
policy he is .sustained by the preference of his customers for a cake rich 
in oil. 

This country’s output of cotton-seed oil is about 100.000,000 gallons 
annually, or nearly twice that of linseed oil. Most of this is consumed 
at home. No other Imge industry in expressing oils exists in flie United 
States, aldiough there are some plants treating copra, and several 
producing corn oil, etc. 

Fig. 1 illustrates in plan and cross section the general arrangement of 
the crushing department of a modem linseed-oil mill hi Cleveland, Ohio. 
The seed-storage tank is not shown, and the operation as illustrated 
begins with the screw conveyor supplymg the roll bin. Four stands of 
rolls arc used, two for each set of six presses. The rolls are driven 
from a main shaft in the basement below. The meal is spouted down 
from the tolls to screw conveyors, which transport it to two budtet 
elevators, one for each heater. The two heaters are each built in three 
vertical .sections, separated by plates, above which revolve the castdron 
agitating sweeps. The meal, after bdng agitated in the top section, 
falls through an opening h the plate to the middle section, where the 
agitating process is repeated mid the meal delivered to the bottom 

I This of course applies to the decorticated seed. I«rge quantities of unbuUed lioty 
seed on legularlr shipped in bulk from Egypt and India to Great Britain. Hulled sun¬ 
flower or poppy seeds are also subject to damage in bulk storage. 
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section for a final mixing. The sweeps of the heaters are driven, by 
means of Irevel gears, from the same shaft which drives the rolls. Each 
heater delivers meal to an hydraulically operated former. The pre.s.ses 
bold 80 cakes each, which is alxiut the limit without increa-sing the 
height of the press aixtve that to which a man can comfortably lift a 80- 
pound cake of hot meal with its press cloth and handling pan. The 
settling troughs behind the presses give ample di.stancc fo^the circula¬ 
tion of oil and deposit of sediment therefrom before the fonner reni hes 
the scale tank. Two hydraulic pumps and two accumulators or hy¬ 
draulic storage re.servoirs are used, one of each l>eing employed on each 
jf the two hydraulic pressures carried. The lower pressure is applied 
to the formers and is also used to start the presses. 'The high pressure 
is used to complete the operatkiti of pre.s.sing. The supply oil tank, 
shown behveen the accumulators an<l the hydraulic pumps, contains 
the fluid used as a transmisision medium in the hydraulic system. The 
pumps arc steam-driven. These are not as economical in piwer as 
l)elt-driven pumps, but are often used when the exhamst .steam may l)c 
employed in the heaters or for wanning the buildings. 

It should be noted that the nitin' oi>rration, from tlie receipt of the 
whole see<l to the weighing of the oil, is kept disthictly separated for 
the two groups of presses. Each group thus Ix'comes practically a 
separate mill, enabling close watch to 1k> kept upm the re.sulls 
ibtained. 

The cake as taken from the pre.s.ses passes through the s|ia(s' between 
die two groups of preases into the luljoining cake room, not illustratefl. 
Here it is trimmed, packed, weigheil, and stored for shipment. Indoor 
storage of oil is provided by a room located at the right of the cake room. 
The .same room is used for the barreling and shipment of oil, tank cars 
icing run on tracks alongside and filled with nil through a hose, 'llie 
»wer plant and coal-storage bin are located at the right of the press 
■oom, the steam engine lieing directly connected to the shaft w^hieh 
•uns through the basement of the press room. Seed is received from 
he river through a private elevator and stored in a steel tank holding 
100,000 bushels. A 40-horaepowcr engine is used to drive the eleva- 
nr and a Lane & Bodley heavy-duty Corliss engine for the main mill 
K direct-cormected engine and generator set is provided for electric 
ighting. The ofl-pressing equipment, including five-high roll stands, 
leaters, sin^e formers, and presses, with hydraulic pumps arid accumu- 
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latxjra, was furnished by the Buckejre Iron and Brass Works. Hiree 
men operate eaeh group of presses, one forming the meal, one filling 
the presses, and one stripping and removing the pressed cakes. A low 
wooden platform in front of the presses facilitates the work. A mechan¬ 
ical stripper is used to remove the cloths from the pressed cake. This 
has a capaeity of aliout 15 cakes per minute. The cake is trimmed by 
a Dion & Belanger knife trimmer and packed by a French hydraulic 
automatic cake packer. The press plates have double hair mats. Sue 
pres.sings per hour are made on each group of presses, i.e., the six 
presses constituting a group are each filled at intervals of 60 minutes. 
The yield is very good, U-ing close to iO pounds of oil per bushel of 
seed. The output, with 22-pound meal cakes, should l)e 22 X 20 ^ 
440 pounds, or 440 .e 56 = 7.9 bushels of seed per press per hour, or 
for 2;) hours, 181 bushels iier press per day. The mill is defective in 
having insufiicient storage room for cake, an unfortunate feature when 
ears for shipment are scarc-e. The press room is fairly cool and com¬ 
fortable, having two outside exposures. 

X coal conveyor brings coal from Inats in the river to the bin immedi- 
atc-ly in front of the Iwilers. Two boilers are used, equipped with 
Murphy stokers and burning slack coal. Besides the two feed pumps, 
the js)wer plant contams a Oic-hrane open feed water heater, receiv¬ 
ing the exhau.st from the main engine. ITie accumulators arc eaeh of 
18 tons capacity, being de.signcd for an ultimate installation of 30 presses. 
•At the l)eginning of o|K*ratinn, this mill maintained four tank cars, 
making local shipments of oil in tank w’agons. Rexjm fur extension 
was provided at the left of the press room and cake room, and this sjwee 
has recently been utilised for a con-siderable enlargement. 

Fig. 2 givc-s an exterior view of a complete lin.seed-oil mill at Buffalo, 
N.Y. The special car at the right is loaded with empty barrels, 
destined to be cleaned, coopered, and filled with linseed oil. The marine 
legs from the elevator receive flaxseed from a lake steamer. The 
plant is of solid and substantial mill construction. Fig. 3 is a nearer 
view of the same establishment, taken from another point. This mill 
has a maximum crushing capacity of 20,000 bushels of seed per day, 
equivalent to 1000 barrels of oil and 350 tons of cake. It comprises 
practically four distinct mills, the result of gradual expansion of the 
business. 'Fhe most recent of the four mills is driven entirely by power 
from Niagara Falls, utilized by rope drives from a 500dior8epower 
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motor. Two views of the roll floor in this latest mill are given in Figs. 
4 mid 5. Hiere are 24 stands of 14 X 48 inch five-high crushing loUsi 
each stand weighing about 0 tons, grouped in sets of seven, seven, seven, 
and three stands. He methods of driving and of feeding are shown 
by the illustrations. The belting is up from below, and twin spouts 
are brought down from the seed bins to each stand of rolls, each spout 
having a Bhut.off gate for eontrolling the flow of seed. In addition to 
these 24 roll stands, the three older portions of the establishment con¬ 
tain 45 stands of crushing roils, making a total of 69 stands in the plant, 
serving 138 presses. 

The press rooms are on the main floors of the buildings, one story 
below the roll floors. The 90 presses in the three older mills arc served 
by 12 heaters and 12 cake formers. Three complete hydraulic plants 
are employed. The heaters in the new mill are four in number. 84- 
inch, two-high, each with a double hydraulic cake former. Each 
heater serves 12-20 cake double hair mat presses. Five two-pressure 
four-crank Buckeye hydraulic pumps supply the 2-20 ton accumula¬ 
tor sets. Hydraulic cake packers are used throughout. Figs. 6,7,8, and 
9 give interior views of the several press rooms. All of the presses, as' 
shown, have automatic change rocks for transferring the press cylinders 
from low to high pressure at the desired moment. Fig. 7 clearly shows 
the appearance of the cakes after leaving the presses. In the fore¬ 
ground of this illustration is represented the French automatic ttinu|pr 
for cakes. At the extreme right of Fig. 8, Are meal heater or kettle is 
partly visible, with the cake former in front of it. In the center of 
Fig. 9, the former, with the press cloth laid in place ready to receive a 
meal cake, is illustrated. 



CHAPTER n, 

THE HANDING OP SEED AND THE DlSPOSmON OF ITS mPUHTim 

Quantity units.—Necessify for seed storaj^.—A ty|ucd devator.—Meduuiical detaib 
of elevaton.—ScaleR.>-Elevator operati«i.—Storage of seed.—Estimating quuiti- 
ties in bulk storage.—Impurities.—Sifting.—Disposition screenings.—<^eral 

analysis.—Assumed cases,—The crushing of screoiings.—Screw conv^r systems. 

Fiaxbiied is sold in the United States the nominal buihel of 
56 pounds. A long ton of seed therefore contains 40 bushels, and 
a short ton 35.9 bushels. A kilo = 2.2 pounds = .0394 bushel, or 
25.4 kilos make one bushel. A bushel of seed produces, roughly speak¬ 
ing, ti gallons (nominal gallons of 7j pounds) of oil and 37 pounds of 
cake. About 54 bushels of seed produce, therefore, a short ton of cake, 
or about 60 bushels a long ton. A barrel of 50 gallons of oil is jHoduced 
from 20 bushels of seed. These relations are of imprtance as affecting 
the storage and shipping facilities desirable for seed, oil, and cake. 

All linseed-oil mills are dependent upon the common carriers for their 
supply of flaxseed. The smallest mills use nearly a carload per day, 
the larger mills consuming up to ten or fifteen carloads of ]000 bushels 
each. A lake steamer may carry upwards of 200,000 bushels; a canal 
boat, of the type used on the Erie Canal, from 5000 to 8000 bushels. 
As the lakes and canal are closed for several months in winter, and as 
no common carrier is infallible in regularity, the oil mill must provide 
facilities for handling seed quickly and for storing it in quantities. 
To just what extent the equipment of the mill for unloading seed should 
exceed in capacity its crushing equipment, is to be determined by local 
transportation conditions in each particular case. Often this excess 
is six or eight fold: sometimes little, if any, excess is provided in cases 
where the transportation conditions are favorable. When seed is 
received by switch from a public elevator it costs usu^y no more to 
leave the seed in ffie public elevator for ten days than to remove it 
immediately after the dischaige of a csigo. 

The elevator equipment at one 12,000-buriiel mill (daily capacity) 
consisted of an iron structure 20 feet 9 inches by 67 feet 9 inches, 
17 
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9(1 feet high, containing two marine legs having a capacity each of 25(X) 
bushels per hour, two ifOO-bushel hopper scales, two 2500-bushel lofty 
legs (elevators for raising seed from the bins under the scales), three 
124-inch belt conveyors in a gallery S!5 by 255 feet, running over the 
storage tanks, and four steel storage tanks 65 feet high, having an 
aggregate capacity of 6.50,000 bushels, arranged to receive seed from 
the l)elt conveyors. Between each two .storage tanks was placed a steel 
elevator. These elevators received seed from the bottoms of the tanks 
and raised it to the conveyor belts whieh delivered it to a cro.ss screw 
convqror under the gallery. This screw conveyor fed the seed to a 
chute built of wood, thoroughly stiffened by iron truss rods and lined 
with glass. The chute conducted the seed to the .sifters in the mill 
building proper. The glass-lined wood chute was fuirnd, after extended 
experiment, to be better than a metal s[H>ut for withstanding the action 
of the .sharp-pointed flax-seed. As noted, there were three conveyor 
belts running lengthwise of the gallery, over the tops of the seed tanks. 
Ordinarily, only one was run fur unloading seed from the boats, another 
was kept in reserve, and the third or middle Iwlt was u,sed for carrying 
seed from the storage tanks to the mill. Under average conditions, five 
hours of running per day kept the cargoes unloaded and the mill supplied 
with seed. The elevator was elertrically driven, and the electric power 
was fumbshed from a direct-connected generating set in the main power 
plant, which was reserved for this specific duty. In order to operate 
the generating set driving the elevator at highest efficiency, it was 
attempted, so far as possible, to supply the mill with seed during the 
periods while the elevator was unloading cargoes. This gave a good 
load of short duration in place of a half load lasting twice as long. 
About 175 horsepower was used to unload cargoes, supply the mill, 
and drive the sifters. 

A feature of this elevator equipment, not described because not 
ordinarily essential to oil-mill elevator operation, was an arrangement 
by which the belt conveyora could be reversed, bringing seed from the 
tanks back mto the elevator tower and delivering it to chutes, which 
could be used to load into boats. This arrangement, with a suitable 
shipping scales mterposed in the diutes, made the installation practi¬ 
cally that of a public gram elevidor, suitable for loading, unloading, 
and storing any kind of grain. A rotary screen was installed for gram 
deaning, 42 inches in diameter by 20 feet long, running at 28 r.p.m. 
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This was covered with wire cloth in 22 X 18 inch sheets, 2 X 7} mesh. 
Gamers were of course used over and under each set of scales. The 
scales were of the usual continuous type for elevator service, the weigh¬ 
ing not interrupting the handling of seed. 

Figs. 9c and 9d represent a typical English elevator. 

The horsepower required to elevate materials is theoretically equal 
to the weight in pounds multiplied by the height lifted per minute, 
divided by 33,000. For flaxseed, the liorsepower necessary for N 
bushels per hour raised H feet would l)c 56 JV^- 60 X H -e 33,000 = 
NH -i- 35,300. The actual horsepower used in elevation is of course 
greater than this, dependmg upon the efficiency of the elevator. The 
form of elevator used consists usually of an endless l>elt running upn 
two pulleys, one at the top or “head ” and the other at the foot or “ IxMt” 
of the elevator. 'Fhe head pulley runs on a shaft which is driven by 
belt or rope from the soum- of jiower. The lioot pulley is an idleronly. 
A "marine leg” is an elevator designed to .swmg out and down through 
a hatch into tlie hold of a is)at which is moved alongside the elevator 
tower. This form of elevator is jointed at the head-pulley shaft, and 
topens like a jack-knife, the elevator proper Iwmg the blade and the 
short chute from which it hangs the handle. Proper mechanism is 
provided to tip the handle forward, and to open or close the blade, so 
as to cau.se the boot to descend at any de.sired position crosswise of 
the vessel. Movement lengthwise is obtained by changing the positkin 
of the vessel itself, and for this purpose power windlasses are provided, 
either on the vessel or at the elevator, from which mooring ropes run to 
blocks on the other. Frequent adjustment of position of the boot is 
necessary, nut only in order to unload the entire cargo, but also to keep 
the vessel properly “trimmed” or Italanecd while unloading. With 
large lake steamers, provided with water ballast, this shifting is almost 
wholly dispensed with. 

The speed of tlie head draft of the elevator legs is usually from 80 to 
48 r.p.m. The larger the belt pulleys, the higher the permissible speed, 
and large pulleys consequently greatly increase the capacity. The 
highest effideney is obtained when the face (lifting side) of the head 
pulley is vertically in line with the face of the boot pulley. Stationary 
elevator legs should always be set in this position. The housiitg of ftie 
leg should be l»wed out on the back to give clearance for the sway of 
the belt. The pressed-steel seamless buckets are firmly riveted to the belt. 
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and the boot should be so arranged that the grain will feed into the 
buckets on the lifting side at the height of the center of the shaft of the 
boot pulley. The capacity of the elevator depends upon the speed of 
the belt, the distance between the buckets, and the cubical contents of 
the buckets. If C = contaits of each bucket in cubic feet, S = dis¬ 
tance center to center of buckets b inche.s, K = speed of licit b bches 
per minute, the capacity b cubic feet of material per mbute is CK -f S. 
For flaioeed, one bushel of which occupies a volume of 2520 cubic 

17i28 

bches, die capacity b bushels per mbute is- CK-t- S=.68S CK 

2520 

+ S. If D = the diameter of the head pulley b bches, and fl = the 
number of revolutions per mbute, S.U DR = ^ = speed of licit in 
inches per minute, and the capacity b bushels per mbute is .685 X 
S.14 DRC -i- Sot 2.1.5 DRC -i- S,or in bushels jicr hour, 129 DItC + S. 

A most important feature of elevator equipment, as well as one vital 
b other departments of the linseed industry, is the scales. Upon 
the accuracy of weighing hinges all definite knowledge as to the day- 
by-day operation of the plant. It is not .sufficient to make .sure that 
the beam balances at zero. Test weights should lie provided and used 
periodically. The scales must be accurate. The most satisfactory 
reading is that provided by an autographic scale, now laigely used in 
grain elevators. This punches the weight on a card, leaving no room 
for errors due to carelessness or foigetfuhess. 

The elevator 1^ does not remove all of the seed from tlie hold of a 
vessel, nor will a carload of seed run of itself entirely out of the car into 
the chute leading to the lioot. Hand lalxir is necessary, b either case, 
to complete the operatbn of unioadbg. 

From the elevator proper, or “tower,” the seed passes to the storage 
tanks, usually stoel structures similar to gas holders, although not as 
large. These are set on sbbs of concrete. They have closed tops and 
usually flat bottoms, necessitatbg trimmbg in order to thoroughly 
empty them. Dampness rubs flaxseed, so that the tanks must b(‘ 
dry. Hoppered bottoms would do away with trimmbg, but would 
reduce the capadly of the tanks while bcieasbg the first cost. They 
have not been extoisively used. The angle of repose of dry flaxseed is 
about so degrees. Hopper bottoms, if used, should slope at about this 
angle. Wet seed stfuids at a steeper angle. 

It is generally claimed that it is impossible to accurately Estimate the 
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quantity of flaxseed, or of any otitet grain, in bulk storage. Such 
estimates are of extreme importance to the linseed crusher, in the absence 
of actual weighing of the seed consumed daily. If the weight per 
cubic foot were fixed, it would lie readily possible to make such an esti¬ 
mate by leveling off and measuring the contents of the various tanks. 
Apparently, however, the weight packed in a cubic foot increases with 
the height of the pile. Experiments were made by the writer to ascer¬ 
tain, if possible, the law of variation in density with height of pile. These 
gave the formula D = .02219 -f .OOOOIffij H, in which D = the weight 
of flaxseed in pounds per cubic inch and H = the height of the pile 
m inches. The application of this formula outside of the limits of the 
experiments gave inconsistent results, showing that the law of varia¬ 
tion of density does not depemi directly upon the height, but that this 
law, expressed in coordinates, would tie represented by a curve rather 
than a straight line. 

Flaxseed, as reedved even under the beat conditions, contains much 
impurity. The absolutely worthless fine dust and chaff are .sometimes 
removed by exhaust fans placed at the tops of the elevator 1<^. Addi¬ 
tional cleanliness is secun-d by pa.ssmg the seed, liefore working, over 
horisKintal screens, oscillated to and fro, through which the seed drops, 
leaving coarser Impurities on the surface, lliese gradually dance 
toward the edge of the screen and are spouted away to bins or bags. 
They are worthless to the crusher, and the co.st of removing them is 
more than the revenue they bring. They are taken out principally 
to avoid their injuring the rolls. Power for oiierating the .sifters amounts 
to alxmt 19 horsepower per 2000 bushels screened per day of ten 
hours. A typical sifter is .shown in Fig. Oa. The .sifters are usually 
operated during the daytime only, sufficient bin capacity being provided 
over the rolls to accommodate screened seed for the night run. If power 
for the sifters is provided by a motor, the latter should be compound- 
wound, as the starting load is too severe for a shunt-wound motor. 
The coarse screenings, if not sold, are sometimes ground with oil cake 
in the cake grinder, thus masquerading as oil meal for the stock-raiser. 
The quantity is probably too small to be detrimental. Unlike cotton 
seed, flax requires no special treatment by the crusher to remove adher¬ 
ing fiber. The seed is clean in this respect, and is crushed witiiout 
hulling, the fine flaxseed hulls exerting no detrimental influence on the 
cake. The separation of fine impurities from the seed is usually effected. 
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in the public elevators, by machines of tiie type shown in Fig. 8b. These 
will re»lHy clean down to 2 per cent without wasting or damaging the 
seed. They are double machines, with single feed, and can be arranged 
so .that the two shakers may operate in suceession, giving the seed a 
double cleaning. Hay, chaff, etc., are removed by air sejairatlon, 
a fan drawijig tliese fine ])artieles into a settling chamlwr. 

Seed is purchased by the iiommal bushel of 56 pounds of pure seed. 
Any impurities containtsl in the seed are the property of the buyer, 
without payment. These impurities all have .some value. The crudier 
eonseiiueiitly receives very little screenings, unless from direct country 
shipments.' Tliesc screenings consist, besides the coarse impurities 
removed by tire sifters, of fine matter which goes through the screens 
with the seed. This fine matter gives risi! to tire first complex problem 
in tlie linseed industry. It may be either separated and sold, run 
through the mill witli tiie seed, or separated and groimd up with rake. 
The first proei-dure depends upon a market for the screenings. This 
can usually Ire found, but the profit realized is not great. The second 
^procedure risks the purity of the oil and cake. The third risks the pu¬ 
rity of the meal, and ran only be practiced when* there is a sufficient 
market for meal to ju.stify the in.stailation of cake-grinding equipment. 
A.side from these considerations, the problem may Ire analyzed as 
follows: 

Let P = percentage of impurities in the seed. 

B = cost of seed per bushel, in dollars, 

E = cost of manufacturing one bushel into oil and cake, 

Q = percentage of impurity in seed, removed before crushing, 

D = cost of delivering one bushel to the crushing mill, 

F = eo.st of packing the cake produced from one bushel. 


Then the price paid for 56 pounds (one bushel) of material, the 

180 — P 

screenings being obtained gratis, is U X —— • The additional 

cost of delivering the seed, due to the presence of screenings, is, per 

P 

56 pounds, H X— ■ The additkrnal cost of crushing, due to the same 


' A large pioportioe of the “Southwestern" seed, whidt is shipped direct from 
grower to western crushers, contains a heavy percentage of impurity; occasionaliy 35 or 
30 per cent. 
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rrason, is E X 


P-Q 

100 


; and the inireased cost of packing file cake is 


F X 


P-Q 

100 


The total additional cost due to the presence of impuri- 


DP iP - Q\ 

ties is the sum of these last three items, or- (E + F) I -^ 

100 / V 100 / 

If the price obtainable for screenings is 6 dollars per ton, and oil cake 
is worth H dollars per ton (2000 pounds), then the revenue per bushel 
from the sale of screenings is 56 OQ s- 200,000, and the increased 
revraue due to the increased production of cake is 56 H (P — Q) -h 
200,000. The gain due to the pre,scncc of .screenings is therefore repre¬ 
sented by the formula 


560Q + 56 H(P-J)_ 

200,000 hoo \ 100 /) 


( 1 ) 


If the screeneil impurities are mixed with ground cake and sold as 
oil meal, the increa,sed revenue per bu.shel is 50 PI! 200,000, and 
the profit from screenings is 

+ iiSL', „ 

200,000 noo \ 100 / 100 ) 200,000 


in which last formula F=cost in dollars per ton, for grinding cake. 
If we now substitute actual reasonable figures for the quantities alwve 
expre.s.s<‘d algebraically, we shall have a tangible basis from which to 
draw conclusions, l^et B = 1.00, E = .08, D = .08, F— .01, 6 = 
10.00, H— 22.00, V = 1.50. Formula (1) then becomes 

.0028 Q - .OWS P + .00526 (P - Q). (3) 

If all of the impurities are removed from the seed before crushing, P—Q, 
and formula (8) becomes .0020 P; or, in other words, the additional 
profit made by reason of the presence of the screenings is, in dollars 
per bushel, of the percentage cf ilnpurities contained; or in cents 
per bushel, ^ of this percentage. Thus, a seed containing 5 per cent 
of impurities would be one c«it per bushel more valuable than pure 
seed, for the assumed conditions. Suppose, however, as is more com¬ 
monly the case, none of the impurities are screened out. In this case 
Q = 0, and formula (8) becomes .00446 P; or the profit due to the 
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acreenings ia, m dollars per bushel, of the percentage of impurities 
contained, or more than twice as great as when the screenings are 
entirely removed and sold. 

By treating formula (t) in the same way, we have, for the assumed 
values of G, H, V, B, E, D, and F, 

.00S,S6 P - .0003* Q - .0009 {P - Q). (4) 

Tliis expression does not take aenmnt of the slightly higher price some¬ 
times obtained for oil meal than for rake. Using it, however, and 
making Q = /*, we have .00484 P, or making Q = 0, we have .00448 P, 
as the relative expressions for the profit per bushel. These may be 
otherwise cxpre.s.sed as follows: when die screenings are eventually sold 
as oil meal, the profit, in cents per bushel, is .484 or .446 times the 
figure expre.s.sing the percentage of impurity in the .seed, according as 
the .screenings are all removed from the seed lieforc crushing or all 
rru.shed with die fiax. For the prices and conditions assumed, and 
irresjieefive of other eomsiderations, the most profitable disposition of 
screenings is to wholly .separate them from the seed before crushing, 
.afterward grinding them up with cake to sell as oil meal. This is not 
hs illicit a praedce as it might seem, for the reason that these screen¬ 
ings consist to a large extent of the broken hulls of fiax, and may be 
e(|uivalent in feeding value to the oil cake itself. 

The foregoing analysis .serves to show how complicated a problem is 
pre.sented to the crusher by even .so simple a subject as that of screen¬ 
ing Formulas (1) and (*) arc general in their application, and fur¬ 
nish data for accurate judgment as to the best pidicy to be pursued 
in any particular mill. The operation of maximum profit may be 
computed directly for any assigned conditions, with file screenings 
entirely or partly removed liefore crushing or run m their entirety through 
the rolls, heaters, and presses. Some modifying factors should be con¬ 
sidered, however, such ns the cost of screening, the possible detrimental 
influence of scteenings-crushing on the yield of oQ from the flax, etc. 

A different problem presented occasionally is that of actually crush¬ 
ing screenings purposely purchased because of the profit involved. 
Seed from pubHe elevators now seldom runs hi^er than from 1 to li 
per cent in fine screenings. This is as close to absolute purity as present 
equipment for claming can ensure. There are many incidmtal advan- 
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tages in crushing flaxseed having a c'onsiderablc percentage of impuri¬ 
ties. These impurities contain some oil. They cost, even if actually 
and directly purchased, practically ouc-fourth as much as seed, or one- 
half &H inu(‘h as cake, or one-tenth as much &s oil; and when crushed, 
are sold as oil or as cake. Much depends upon the nature of the impu¬ 
rities. In some cases, it is probable that a detrimental influence i.s 
exerted on Ixith output and yield of oil. 

Tlie following calculations represent the results of working prao- 
tioally pure seed containing free dockage (impurities) amounting to 
2 per cent, 5 |>er cent of added dockage at $10 per ton, and 6 per c*ent 
of added dockage at $10. In the last case it is assumed that the yield 
of oil and the production will be slightly lowered. 


Case I. — No Sc'Rkenimgs. 

Seed 81.00 per bushel. Contains 2 per cent of docka^, not paid for. ProduebtHi per 
bushel 19.50 pounds oil, 36.50 pounds cake, Mluitikage 1.14 pounds, making 57.14 
pounds total. Daily production 7000 net bushels = 7143 gross busliels.‘ Working 
cwt at 6 cents per bushel » 842S.5B {)er day. Cake value assumed at $10.00 per ton 
(2000 pounds). * 


Cost of seed ... $7000.00 

Wm'king cost. 428 58 

Total «>st . $7428 68 


Pounds of cake = 7000 X 36..? 255,500. 

Value of cake at $19.00 = $2427.25. 

Net cost of oil » $7428..'i8 - $2427.25 - $.5001.33. 
Pounds of oil made =■ 7000 X IBJi = 136,500. 
Cost of oil per pound « $.03664. 
tk«t of oil per gallon (»f 7J pounds = $.2748. 


Case 11. — Five per Cent op Screeninos. 

Seed $1.00 per biuhel. Contains 2 per eait of dockage, not paid for, also 5 pw cent 
of added dockage at $10.00 per net ton. Production per net bushel, from the seed, as 
Ix.^oi'e, 19.50 pounds of oil, 36.60 pounds of tHke. PWuction from the 5 per cent of 
added dockage, 2.5 pounds (rf cake, making grpss production per net bushel, oil 19.50, 
cake 30.00, shrinkage 1.51, total 60.01 {Ktunds. Daily produoti(ni, 7143 gross bushels, 
or 6640 net bushris. Working cost, $428.58 per day. Cake value as before. We have, 
in this case, 

* Tlw nrt or “pure” bushdl h 56 pounds of pure seed. The gross bushel is 56 pounds ‘ 
of material cemtainiug seed and impurities. 
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Cnst of seed. 

Working cost 
Cost of screenings * 


$6640.00 
428.SR 
100.00 


Tirtal cost . $7ieH 68 

Jjm value of cake* . . .. 8458 00 

Net cost of «iil .. 84715 58 

('•ost of*oil per pound*. . .0366 

Cost of oil per gallon . 874 


Cabe 111. — Six rini Ck.nt of Sc'KKfunNGu. 

Conditions as in (W 11, excepting that 6 per cent of ducku(^ is added instead of 
5 per cent;gims production. 19.40 pounds of oil and 38.H0 pounds of cake, slirinkage 
8.7 pounds, total 60.0 pouink per net bushel. (The yield of oil is token slifi^itly lover, and a 
heavier shrinkage is aosumetl on the screenings, to correspond witli conditions met mth in 
practice.) Daily production, 7143 gross bushels, or 6578 net bushels. Screenings 
added per net bushel, 3.654 pounds, m)rth 8 01887; (twt of screenini^ used pea* day» 
8180.07, Doily cake product, 38.80 X 6578 — 855,000 pounds. Oil product, 16.4 X 
6578 » 187,5tM) pounds 


('ost of seed . 

. $6672 00 

Working cost . 

. 488 58 

Cost of screauDgn . 

. 180 07 

Total cost .. . 

. $7120 66 

Leas value of cuke. 

8482 60 

Cost of oil .. . 

. 4698 15 

Cost of oil per poiuul. 

. . .. 0369 

Cost of oil per gallon. 

. 2768 


SUMMARY. 

Condition. Cod of oU per gallon. 

8 per cent seed, 19JiO yield. . $ 8748 

5 per cent dockage added, 19.50 yield. 8740 

6 per cod dockage added, 19.40 yield .... 2768 


Thf effect of adding screenings is shown to be slightly favorable to a 
low cost of production, even when the excessive slirinkage on the screrai- 
ings is considered, provided no imi>airnient of oil yield is produced. As 
soon as sufficient amounts of screenings are added to adversely affect 

‘ 3.0005 pounds screeniii(,si purchased at 010.00 per hm gives a cost of (.0150ji5 for 
the screeuings mixed aitli each bushd of seed, or $.015025 X 6040 « $100 per day. 

* Pounds of cake ■= 39 X 0640 =■ 859,000. 

* Pounds of oil - 19.5 189A00. 
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the yield, a decided loss is experienced. The high shrinkage on screen¬ 
ings is due largely to actual losses of this fine material in transportation 
and working. For a fuller discussion of the causes of shrinkage in 
general, reference may be made to Chapter X. 

Crushing screenings alone, without any admixture itf flaxseed, is 
hard on rolls and press eloths. Presses without mats are used. The 
cake is soft, and shrinks heavily in storage. It is ground up with 
linseed cake to make oil meal, the screenings cake being added to 
the extent cf alx)ut 30 per cent. The oil is a dark, thick product, 
not readily marketable. Oil must be used, instead of water, for 
tempering the meal. 

The yield of oil obtained is just about equal to the quantity of oil 
used in tem}a‘ring. As far as the oil end of the operation is concerned, 
it would lie ju.<tt as well to mix the screenings direct with linseed meal 
without first crushing them. Tlie objection to this is that tlie uncrushcd 
stwnings have a detrimental effect on the oil meal, due to the various 
seed oils which they contain. 

From the sifters, the seed pas.ses to the I tins supplying the rolls. These 
bins should be of ample capacity to tide the mill over any breakdown 
in the elevating and conveying machinery. They .should lie built of 
thoroughly .seasoned wood and sliould Ite hoppered. Automatic scales 
should I>e installed between the bins and the rolls. These are now 
produced by several makers, and are accurate and reliable. The sub¬ 
ject of daily weights of seed crushed is of such immense importance to 
the crusher that no expense should be spared which will ensure the 
obtaining of such weights. In existing mills, the arrangement of floors 
and machinery is frequently such as to make the installation of such 
scales impracticable; but no new mill should be built without careful 
provision being made fur scales, preferably one set for each group of 
rolls supplying a set of presses, from which the oil and rake may be 
separately weighed. 

After leaving the bins, the future progress of the seed and meal is 
wholly by means of chutes, screw conveyors, or belt and bucket eleva¬ 
tors. Chutes should be of thoroughly Masoned wood. Conveyors are 
usually enclosed in metal, elevators in wood or metal. Wooden con¬ 
veyor boxes, if used, should be of prime seasoned lumber, dressed on four 
sides, placed perfectly level and provided with ample supports. They 
should be cleated across the top at intervab not exceeding four feet. 
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Hie k-aring at the driving end of the conveyor should be supported 
indepraidently of the conveyor box. The usual form of metal box is 
round on the bottom and square on the top, m cross section. The 
conveyor screw should be generated from a true helix, should be as 
free as possible from laps or rivets, should be of strong construction, 
and cast true to design, and should be amply supported and well 
Italanced. * 
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in the reverse direction from the other three by friction. The seed 
from the feed box first flows to the feed roll, by which it is distributed 
uniformly along the top crushing roll. Over this it falls to a guide 
piate, which prevents it from falling farther, and directs it to the con¬ 
tact surface l)etween the first and second rolls. TTic rolling of these 
two heavy cylinders together draws in and crushes the seed, passing it 
through to the other side. Any ground .seed adhering to the bade face of 
the tup roll is removed by a stationary scraper, and falls, with the meal 
adhering, to the second roll, and, assisted by a guide plate, into the 
space between rolls two and three. This gives it a second crushing, 
and with a stand of five rolls four crushings are of course received by 
the seed during its passage from the top to the bottom. The crushing 
pre.s8ure is that due to the weight of the rolls themselves, and increases 
by the weight of one roll at each .successive passage of the seed Itetween 
a pair of rolls, until at the bottom or last stage the seed is subjected to 
the combined weight of four rolls. 

Boll stands are made in various sizes from three-high 12 X 24 inches 
to five-high 26 X 72 inches. For linseed crushing, the usual standard 
fcs as given by the Buckeye Iron and Brass Works are as follows, 
the capacities given being somewhat unduly conservative: 


Size. 






Upper rolls . . . 

14X30 

14 X30 

14X42 

14X48 

16X60 

Bottom roil. 

16X30 

16X36 

16X42 


20X60 

I'lour %KU-e. 


6 ft. 2 in. 

Oft Sin. 

7 ft. 4in.' 


Breadtii. i 

5 ft. 8 in. 

8 ft. 6 in. 

D^tli. . 

4(t. 4 m. 

4 ft 4 m. 

4ii 4 in. 

4 ft 4 in. 

4 ft. 8 in. 

Height.. 

IHfM 

8 ft. 10 in. 

8 ft. 10 in. 

8 ft. 10 in. 

Oft. 6in. 

Approximate weight . 






Bated capacity per 24 houn . .. 

ngm 

1190 bush. 

1 

240 bush. 


BH 


The 42 and 48 inch length rolls are those generally used by linseed 
mills. The feed boxes are of wood and the top (feed) roll of fluted 
machinciy steel. The feed-roll shaft is fitted with a lever-actuated 
jaw clutch, permitting of instant stoppage or starting of the feed inde¬ 
pendently of the remainder of the machine. The remaining four rolls, 
of chilled iron, are ground to the highest possible accuracy and finish. 
The top roll is then corrugated longitudinally. Boll shafts are of steel, 
forced in by hydraulic pressure. The final grinding of the rolls is done 
after fitting the shafts. The bearings for the roll joumab are made 
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very large and are heavily 
Uned. The housings are 
made up with machined 
joints, so arranged that 
either the front half or the 
rear half may be removed 
without taking off the feed 
box. Any roll can be readily 
removed by blocking up the 
rolls above. TTie pulleys are 
made of ample fare for the 
high power delivered to 
them, and in the Buckeye 
rolls are carefully machined 
h) diameters exactly pro¬ 
portional to tlic roll diam¬ 
eters. The liottom roll 
Eie. 10. — BuckKVK ('hiisiiinu lloLut. Univkusai. of the stand is usually 
Taxe-Up. Single Belt Dbive. fpom 2 to 4 mches greater 

in diameter than the others. In the more improveil ty^ies of rolls, 
tlie belt alignment is se¬ 
cured by means of screw- 
actuated guide and tight¬ 
ener jiuUeys. The tightener 
screws are operated by 
ratchet handles, and perma¬ 
nent adjustment ensured by 
a positive clamping device. 

A stand of mils of this 
design, arranged for bottom 
drive, is shown in Fig. 1(1. 

A simpler style, for tandem 
licit, with clutch control 
on the feed-roll drive and 
swing-take-up top drive, is 
illustrated in Fig. 11. The 
two styles are made in 
sizes &om 14 X 30 inches 



Pig, 11. — Bccxete CsDBmNO Roua. Swing 
Taxe-I7p, Single Belt Dbive. 


to 20 X 60 inches. Fig. 11b shows the 
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five-hifnh roll stand, with idler drive, built by the Platt Iron Works 
Company. 

Bolls may be driven by rope or rkiuble belt, the latter form of drive 


being more common. They are usually located with reference to quick 


conununication with the 
press room.^ In the stand¬ 
ard type of mill, shown in 
Fig. 1, the rolls, heaters, 
and presses are all grouped 
in one room. This is 
probably the liest arrange¬ 
ment, although it involves 
elevating the ground seed 
for .supplying the heaters. 
Wiere ground sjiace is 
litiiited, the rolls are often 
jdaetsl on a si-eond floor, 
alK>ve the pre&se.s. The 
meal in tliis ease ihsaends 
from rolls to heaters by 
gravity, but tlie heavy 
weight of the rolls makes 



the building eonstrucHon 

, • I „ _ii„ Fi«. lib. — I’latt CansHiNU Houa. 

ex|)ensive and usually re¬ 


sults in too low a ceiling in the press room, with consequent overheating 


and bad ventilation. 


For fine grinding to imiform meal, the minute distance which sepa¬ 
rates adjoining rolls must be uniform along the entire width of the rolls 
and at all points during their rotation. This involves keeping the rolls 
in perfect cylindrical shape. After some months of operation, this cylin¬ 
drical shape is lost. ITie rolls get out of true, due to a lack of perfect 
balance, get cut by foreign substances, and wear irregularly on account 
of a slight lack of uniformity in the distribution of seed to the top roll. 
It is usually considered that, in default of accident, a stand of rolls 
should remain in reasonably good condition while grindmg 50,000 
bushels of seed. After this they rapidly deteriorate, and this deteriora¬ 


tion means money lost by reduced yield of oiL If working at a normal 
daily capacity of 500 bushels, a stand of full-sized rolls should run 100 


86 


LINSEED OIL. 


days, or liearly four months, before requiring regrinding. It requires 
up to five days to plaee four rolls in the grinder and work them into good 
condition, so that the average .stand of rolls is necessarily out of service 
five per cent of the time, and a grinding machine is properly continu- 
ou.sly operated for every twenty stands of rolls. 

The condition of the rolls is periodically examined by “candling.” 
One man bolds a lighted candle liack of the line of contact, moving it in 
a direction parallel with this line, while another man looks toward the 
candle from in front. Any increase in the .size of the thin line rf light 
indicates wear. If this is noticeable while the rolls are .stationary, the 
wear is endwise: if further variation is noticed when the rolls are rotated, 
they are “out of true.” Scratches and grooves arc of esrurse ri'adily 
discerned, lire csnidition of the rolls in general is naturally con.stantly 
evidenced by the fincne.ss of the meal.' 

The roll grinder should la- locntod csmvenicntly with reference to the 
rolls, as the latter are heavy, their transjjortation c.vpensive, and delays 
wasteful. It should be s(‘t on a solid foundation, capjasl by a .sand Ih)x 
to absorb vibrations and to prevent the formation of a “chattered” 
surfacs' on the roll. The grinders are expensive, costing nearly 
and miuiy small mills siii)> their rolls away for grinding, at a cost of $10 
to $1.5 per roll, lliis tends often to delay uecsled grinding. One type 
of grinder, widely used, is shown in Fig. li. 'Hiis is suitable for the 
ordinary sizes of linseed rolls, being known as a Id-inch solid nest grinder. 
It consists of a heavy .single Ired casting, with a movable carriage, 
which travels Irach and forth in the ways in front of the roll. Tliere 
are two grinding wheels, usually of rarlairunduni. Tlie carriage travels 
automatically, reversing itself at the end of tire roll. It is driven by 
the fts'd .screw ruiming inside the lied and extending its entire length. 
The driving mechanism, .shown at tire head, esmsists of cut gears, clutches, 
etc., ivhich drive the carriage only. Tlie wheels are driven from over¬ 
head drums, along which the Irelts move sidewise with the wheels. The 
main pulley at the head of the machine is also driven from the over¬ 
head drums and countershaft. 

The rolls while being ground rest upon and revolve in their own 
bearings instead of upon eenters, lieing driven by the pocket head 

' The ditSculty of accurately gauging the fineness uf the meal may be decreased by 
first extracting the sample of oil by percolation. The residual meal particles are then 
Inuch less brittle. 



grinding. 



Bom. Gumurat (RmeH Poundjy 
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Mid spindle shown on the floor in front of the machine. The rolls are 
ground wet. An overhead tank, either an oil barrel or a wooden, 
lead-lined tank, is filled with a solution of soda-ash in water. From this 
tank, piping is run to faucets over the wheels. The water facilitates 
the grinding, and the soda prevents rust. The bed cf the machine serves 
as a receiving tank for the soda-water, from which it is returned by a 
small power pump to the overhead tank. 

Very long rolls arc sometimes ground in a machine having a swing- 
rest carriage. This differs from the grinder illustrated in having the 
two wIktLs suspended upon knife-edge or V supports, on which they 
swing or balance in unison. 

Newly ground rolls often take the seed very slowly. In order to 
hasten the operation of grinding, the top roll is frequently given a .slight 
corrugation after it leaves the machine and Ireforc starting. ITiis is 
done by lightly marking it with a cold chisel from end to end at several 
]K>int.s on its eireumference, u.sing the guide-ix)ard as a wst. It is not 
always fo\ind necessary or desirable with cbilled rolls. 

Little has berm .said regarding the .speed of the rolls. 'ITiere is a 
diffennis- (f opinion as to what con.stitutcs good j)rtwtice in this iv.s|K-ct.' 

The Buckeye jiructKe is to maintain 
uniform circumferential velocity. Obvi¬ 
ously, this uniform velocity can la ex¬ 
pected only from new rolls unless the 
pulleys are changed each time the rolls 
arc ground. Some manufacturers disap¬ 
prove of uniform velocities, and probably 
ordinary practice is away from, ratlier 
than toward, uniformity. Flaxseed was 
formerly ground in what are known as 
stone mullers (Fig. 12a), these l)eing large 
disk-shaped stone wheels revolving about 
a horizontal axis in contact with a flat 
stone or'iron l)ase against which the 
(Rose, Do™. & Thompson, Ltd.) was'rubbed. A system of these 
stones* in addition to their individual rotation, revolved about a vertical 
axis in the center of the system, so that the seed received not only a 
crushing due to the rotation of a cylindrical surface on a plane, but 
also an abrasion due to the sliding motion of the cylinder on the plane. 



Fio. 12a. — MtLLEB Stones fob 
Grinding. 
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Effective grinding with the modem form of roll similarly involves the 
running of the rolls at slightly differential speeds in order that there 
may be a scraping and sliding motion as well as one of simple grinding. 
Inasmuch as the standard dimensions for rolls are 16 inches and 14 
inches for diameters of bottom and remaining rolls respectively, it will 
readily be ijeen that to obtain a sliding effect.at all times between middle 
and top rolls, the diameters of the pulleys attached to them must be 
different; otherwise the idle roll between these two might make a firm 
eontar't with each and simply turn without there being miy sliding, the 
circumferential speed of each of the tliree lieing the same. That this 
fact has l)een appreciated in the pa.st is shown by the .standard dimensions 
of five-high rolls built by one of the leading manufacturers. ITie 
lx)ttom roll is 16 inches with a 22J-inch pulley. The middle roll is 
14 inches with a iOj-inch pulley. The top roll is 14 inches with a 
20j-ineh pulley. It must be rememlwred, however, that as these dimen¬ 
sions are for tandem-driven mils, the respective rotative speerls are not 
.simply proportional to the pulley diameters. The driving pulley for 
, the middle roll, as.suming that the thickness of belt is ^ inch, is i inch 
greater in effective diameter than the driving pulley for the bottom roll, 
anil the driving pulley for the top roll is 1 inch greater in diameter. 
Assuming that tlie Wt thickness is actually } inch and tljat the bottom 
roll speed is 128J r.p.m., then the circumferential speeds in inches 
per minute arc as follows: 


Bottom roll. 6450 

Middle roll. «5«ll 

Top roll. 6553 


and the amounts of sliding are equal of course to the differences between 
these figures; .so that the sliding between the top and middle rolls is 
equal to 44 inches, and that between the bottom and middle rolls 60 
inches, per minute, which may l)e assumed to represent approximately 
correct practice. 

It is interesting to note, however, that when one of the large manu¬ 
facturers originated the single drive he failed to bear in mind this differ¬ 
ence of speed, making the pulleys as follows: 

Bottom. 

Middle and top.....20 “ 

This gave practically uniform drcumferential speeds of all pulleys, and 
was an unfortunate departure. 
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TEMPERING THE GROUND SEED AND MOIDING TOE 
PRiaS CAKE. 

Operation o! tempering.—Theory.—Standard form of heater.—Details of eonstruction. 
—DimcnaioiM.—Power for heaters.—Heater capaeity.—Continuous heaters.-- 
Handling wet seed.—The mokler.—Its lonstnirtiou and operation.—Double mold- 
ets.—Sh!e5.—Hydraulic formers.-Power formers.—Steam formers.—Desirability 
of an entirely automatie type of former. 

The tempering of linseed eonsists in submitting the ground meal to 
the combined influence.s of heat, moLsture/ and agitation in a steam- 
jaeketed kettle or heater, which is usually closed at the top, but is pro¬ 
vided with doors on both top and sides, which may Ire opened to facili¬ 
tate the regulation. In addition to the heat derived from the jacket, 
it is customary to inject steam directly into the meal, sometimes by’ 
means of an atomiser, spraying the steam across the stream of meal 
entering the heater, and sometimes by drilling a hole in the vertical 
shaft operating the sweeps of the heater and running perforated radial 
pipes out from the shaft. The pciforatiens face away from the direc¬ 
tion of rotation of the sweeps which afford agitation. It is also some¬ 
times the practice to put a small quantity of water directly into the meal, 
although the generally accepted theory is that this is unnecessary except¬ 
ing when working very old and dry seed. 

lire theory invtrlved in the process of tempering is that the combined 
heat and moisture break up the oil tells, soften or dissolve their gelati¬ 
nous costings, increase the limjadity of the oil, and coagulate the 
albuminous sediment-forming particles in the seed, thus making it 
readily possible for the oil to flow out when subjected to pressure. 

The standard form of heater is 74 ihches in diameter, and consists 
of two cylindrical chambers, one above-the other. Both chambers are 
jacketed on the bottoms and sides. The meal is fed into the upper 

* The moiiCure question is unsettled. Probably the general practice is to moisten 
the seed, but as shotni later, crusheni diifer on this point. Certain seeds ridi in moisture, 
like rape and mustard, are always tempered dry. 
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chamber, and rfter having been cooked for some time is carried by the 
action of the sweeps to an opening through which it falls to the lower 
chamber, where the cooking is continued until such time as the meal 
is thrown out into the “former.” The steam supply for the jackets 
is usually provided by a one-inch pipe, sometimes enlarging to one and 
one-quarter inches through a reducing pressure valve. Whrai exhaust 
or low-pressure steam is used, the pipe connection is larger. The drips 
from the jackets are carried to a No. 2 steam trap with three-quarter- 
inch connections. A separate direct bleeder is provided in order that 
the temperature may be quickly brought up in starting. The steam 
trap cannot be worked successfully with a new heater until after several 
montlis’ operation, after the sand resulting from the casting of the sec¬ 
tions has all l)een blown out through the pipes. The trap outlet should 
1 m‘ to an open well, and there must Iw no back pressure on the 
heaters. 

In flaxseed milling, if the meal is taken directly from the rolls, molded 
and pres.sed, allowing the usual interval of time under pressure as in 
ordinary working, a cake is obtaincsl which will show an analysis of 
•from nine to fifteen per cent of oil. If the meal obtained in the same 
way is cooked, as is ordinarily done in the heater, and exposed to pres¬ 
sure under the same condition!!, a cake showing as low as six per cent 
of oil will he obtained. As there is no good reason why waste exhaust 
steam should not be used in the heaters instead of live steam, now more 
commonly employed, the cost of “tempering” the seed need not be 
of any consequence. With proper arrangement of the supply pipes, 
and ample drainage from the heater, exhaust steam should supply all 
of the heat required. Where the vacuum system of steam heating 
is used for warming the buildings, as is now common, there are abso¬ 
lutely no complications or difficulties in the way of using the exhaust 
steam for the heater jackets. The steam which is injected directly 
into the meal must of course be clean, otherwise the purity of the oil 
and cake will be impaired. When exhaust steam is used for this pur¬ 
pose, effective oil separators or grease extractors must be installed on the 
pipe lines in order to ensure the removal of all traces of cylinder oil. 

The object of building standard heaters in the two-high and three- 
high forms, rather than in a single compartment, is to permit of the 
more gradual and thorou^ cooking of the meal. Hie bottom com¬ 
partment also acts as a receiver or storage basin, containing at all times 
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a lai{^ quantity of meal in proper eondition for instant withdrawal to 
the former and transmission to the press. Good results may be ob¬ 
tained by cooking the meal in a single compartment, but at the expense 
of much closer attentkn and far more interference with the operation 
of pres.sing. For this reasrn, linseetl heaters arc now almost universally 
made two-high or three-high. Tlie meal is fed into the upper compart¬ 
ment and falls (smtinuously in small quantities to the bottom com¬ 
partment, the temperature and moisture in which are regulaterl as 
desired. 'Jlie sizes < f compartments vary from 4* inches in diameter 
and 18 inches in height up to 84 inches in diameter and 84 inches in 
height, the mo.st common size in recent mills being 78 by 84 inchc.s. 
Tlie standard heater compartments built by the Buckeye Iron and Brass 
Works consist of two pits'cs each, liottoms and .sides laung iron cast¬ 
ings separately mode, and joined iron to iron by machined surfaces. 
The two halves are cored indej)endently for separate steam (smnnei-- 
tion.s. Tliere is thus no pressure at the joint, and no tendency to leak¬ 


age of .steam. The separate jacket .spaces, for Isith UdUuns ai»d .sides, 
permit of clo.se regulation of the steam pressure and temperature. The 

inner and outer walls are 



stayed by pillars cast in. at 
aWmt four inches distance 
from one another. Tlie 
sweeps are of cast iron, tri¬ 
angular in cross .section, and 
hollow. Occasionally they 
break, aiul all mills make a 
practice of carrying .sjiare 
sweeps in stock. The hubs 
fit loosely on 8<|uare-section 
shafts, and arc driven by 
jaw clutches, thus permitting 
the .sweeps to lie always elose 
to the bottom regardless of 
the alignment of the shafting. 


FiG. 14 .-BuciUinrETwo-H:aH 84 -IijCTiLi>-BZED -p|,p jhus keep the 

Hkatebb. ‘ * 

bottoms free from gum. The 


supporting columns for the heaters arc of cast iron, faced off square. - 
Flange joints should be machined and drilled to template, so that the 
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cohimns will be interchangeable. The vertical shaft beatings must be 
lined with high-grade metal, on account of the high heat to which they 
are subjected. In Fig. 14 is shown a two-high heater with the usual 
form of driving arrangement, consisting of a l>evel gear working with a 
pinion on a countershaft, which is belted from the main jack-shaft. 
The usual practice is to 
keep the entire shafting 
and gearing below the floor 
on which the heater stands. 

This heater has an enclosed 
space lietween tlie two com¬ 
partments, thus completely 
separating them. ITiis en¬ 
closed space is jacketed on 
the sides, like the compart¬ 
ments, and the flat spaces 
Icetwcen rc>m{)artments and 
intemic>(liate s|)ace are hol¬ 
low and filled with .steam, 
lliis 84-inch beater is u.scd 
in some mills for serving 
two sets of six pressses 
each, but is too small for 
doing this amount of work 
where the output j)cr press 
is large. It is more cus¬ 
tomary to use a 72-inch 
heater for each set of .six 
presses. Fig. IS shows the 
thiee-high 72-inch heater, 
with drive from below, and 
indicates the usual loca¬ 
tion c f the cake former with reference to the heater. The two-high 
heater is more commonly employed when moisture is injected into 
the meal, the three-high being used when the meal is tempered dry. 
The following is the list of standard sizes of linseed heaters made 
by the Buckeye Company: 



Fici. 15. — Bcckktz THiiEB-Hioii 74 -Inch Ijn- 
sEED Heaters, Suowino Doubee Htobacuc 
Cake Eoruer in PosmoN. Sob-Funtb Drive. 
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Style. 

Twu-IliKli. 

Tlnw-H^. 

Two>Iligh. 

Thrre-Iii|.h. 

sixe of cTHnpartment . . 

78 X 34 in. 

73 X 34 ill. 

84 X 34 in. 

84 X 34 in. 

^.^aiwcitv per day (mucimum) 

1«[X) busli. 

1600 buih. 

4400 bush. 

4400 bush. 

(Breadtii. 

8 ft. Oir. 

8ft. Dill. 

8 ft. 8 in. 

0 ft. 8 in. 

9 ft. 4 in. 

6 ft. 4 in. 

7 ft. 4 in. 

7 ft 4 ill. 

Heijdit . ... 

9ft. Oil). 

14 ft Oin. 

10 ft 1 in. 

13 ft 9 in. 

\(>fm>xitnate weight. 

15,800 llw. 

44,000 lift. 

18,500 lln. 

40.000 llw. 


The jxiwer required for driving urdinaiy heaters is not great, depend¬ 
ing largely upon the good or Imd eondition of the drive. In one ease, 
a line i.f six heaters eunsutned only 81 horsepower more when running 
full of meal than when running light. The eapaeity of a 74-ineh heater, 
(suiservatively estiuiattsj to allow for all reasonable variations in (sm- 
dition of seerl, is aixmt equal to that of six ordinary prcs.scs — .say at 
the outside 1800 bushels of sersl per day. Insuffieient heater eapar-ity 
ruins a linseed-crushing establishment. The meal must Iw properly 
cooked or tempered if the yield <:f oil is to t)e what it .should lie. Even 
with ample heater capacity, a slightly irregular character of meal will 
affect the yield In the extent of two or three per ixint, witli a (sirrcspond-' 
ing variation in the profits from tlie business. In four mills which came 
under cxteided oliservation, the numlwr of bushels cooked by each 
heater per day ranged from 1050 to 1300. The yield in the case of 
the mill operating its heaters at tlie higher capacity was noticeably less 
than in the other cases. 

One heater is installed for each set of from five to twelve presses, 
lieing located about six feet a«'8y from the front line cf the prea.ses, and 
symmetrically with respect to their number. No intcreommunication 
is provided between the various heaters, each one taking meal from a 
definite group of roils and delivering it to a definite group of presses. 
The pssible advantage of intercommunication would lie in a decreased 
liability to interrupted opration on account of heater breakdowns. 
Such breakdowns are, however, very rare, occurring sometimes at the 
sweep, and less frequently in the bevel gears or in the ernveying and 
elevating apparatus between rolls and heaters. Spare gears should l>e 
kept on hand. A conveyor or elevator breakdown is annoying, but 
usually of short duration. The most troublesome feature in connec¬ 
tion with any accident affecting the heater is the usual necessity for 
dumping the meal on the floor and subsequently shoveling it back for 
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retempering. This means inoreased cost, loss of time, and usually 
a notieeable loss of material. 

A style of heater which has been received with favor in some cotton- 
oil mills, and may lie developed fur linseed mills, con.sists m what is 
practically a steam-jacketed screw conveyor, through which the meal 
is nm continuously, thus avoiding the necessity for regulation, which 
makes ordinary methods of tempering .so uncertain. It is stated that 
a iOO-foot length of 12-ineh conveyor is adequate for the tempering of 
the meal in a mill crushing 4000 bushels per day, and that 350 fi-ct of 
10-inch conveyor are sufficient for 9000 bushels per day. This form 
of heater was originally introduied by the V. I). Anderson Company 
of Cleveland, Ohio, and is illu.strated, ineidentally, in Fig. 5i. 

ITic tlioroughness of tempering can Ire quite closely estimated by 
taking a .sample of the meal from the heater in the bare hand. The 
temperature sliould be so high as to prohibit more than a momentary 
handling. When firmly compressed in the hand, the meal should form 
a eirmpact, snowball-like mass, not crumbly, and the oil should ooze 
out quite freidy Iretween the fingers. The odor from properly c(tok(’d 
meal is characteristic, different from that of the ground seed, but not 
resembling a “ burnt ” odor. A good thermometer should always be 
CMinected witli the interior of the lower compartment, and its indica¬ 
tions carefully watched. Automatic regulation of temperature and 
moisture would be desirable for iierfeet tempering; but methods for 
producing such regulation have not yet lieen suggested. 

Seed which has lieen accidentally wet is very difficult to treat. Unless 
taken care of promptly after the wetting it will heat, sprout, and spoil. 
It should be at once removed from the storage tank, spread out in a 
thin layer in the sun or in a dry warm room, and frequently turned over. 
It is difficult to grind, and requires close watching as it goes through 
the rolls. As it produces inferior oil and cake, it is usual In run it 
through the mill with at least an equal bulk of pure seed, which facili¬ 
tates the grinding and tempering. The latter operation should be per¬ 
formed with great care, to avoid burning the seed, and more than the 
usual length of time should be allowed for it to gradually reach flie 
proper temperature and to thoroughly drive off the excess of moisture. 
The yield from seed which has been wet is always low. 

From the bottom of the lower compartment of the heater the meal 
to a box mounted on a runway over which the box travels to the 
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“fonner” or “molding machine” or “measuring frame.” The box 
makes a fairly tight joint at the top against the bottom plate of the 
heater, along which a thin lever-actuated gate moves. This gate is 
always open, excepting when the box is traveling out to the former and 
back, during which operation the moldcr (operator) takes care to close 
the gate. The box thus forms practically a part of the lower compart¬ 
ment, in which the closing gate periodically cuts off a definite amount 
of meal, always .somewhat in excess of that required to fill tlie molding 
machine. 

The object of the former is to measure correctly and compress into 
convenient and compact form for delivery to the press the cooked meal 
from the heaters. The standard hydraulic former is essentially a table 
placed at a TOnvenient height from the floor. From one end of the table 
a runway extends under the liottom of the heater, and on this runway 
moves the meal box. The table is arranged so as to lock m po.sition 
at the end of the runway, and also to slide back under the .stationary 
part of the fiirmcr, consisting r.f a head block of heavy cast iron sup¬ 
ported by three or four turned wrought-iron pillars. This head block 
is intended to withstand the upward pressure of a l>a.se plate actuated 
by a hydraulic ram from below. To the under .side < f the head block 
is attached a slightly concave iron plate. The hydraulic ram in the 
base is usually almut eight inches in diameter, and is actuated from tlie 
low-pressun‘ hydraulic system i f the mill. The pre.ssur<- is uniformly 
distributed over the .surface of the cake by means of the heavy base 
block on top of the ram. The operation of the machine is as follows: 
The movable table being at rest, out in front from under the head block, 
a tray or pan, slightly laqrer than tlie size of cake to be made, is laid 
thereon. This tray is i f thin sheet metal, u.sually of iron, .sometimes 
of aluminum, slightly crimped up on the edges, and provided with a 
w'ooden- handle. On top < f the tray is spreatl the press cloth, about 
fifteen inches wide and six feet king, the two ends hanging down 
toward the floor. A hinged flapper frame about three inches 
high is now swung down on the table, on top of pan and 
cloth. This forms a mold for the ‘receipt of the meal, holding 
it to definite size. The meal lx)x is now run out on the run¬ 
way (the gate being closed) and the meal distributed in the 
mold prepared for it, by two quick motbns of the box back and forth. 
The bottom of the bok is always open, but being in close contact with 
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retempering. This means inoreased cost, loss of time, and usually 
a notieeable loss of material. 

A style of heater which has been received with favor in some cotton- 
oil mills, and may lie developed fur linseed mills, con.sists m what is 
practically a steam-jacketed screw conveyor, through which the meal 
is nm continuously, thus avoiding the necessity for regulation, which 
makes ordinary methods of tempering .so uncertain. It is stated that 
a iOO-foot length of 12-ineh conveyor is adequate for the tempering of 
the meal in a mill crushing 4000 bushels per day, and that 350 fi-ct of 
10-inch conveyor are sufficient for 9000 bushels per day. This form 
of heater was originally introduied by the V. I). Anderson Company 
of Cleveland, Ohio, and is illu.strated, ineidentally, in Fig. 5i. 

ITic tlioroughness of tempering can Ire quite closely estimated by 
taking a .sample of the meal from the heater in the bare hand. The 
temperature sliould be so high as to prohibit more than a momentary 
handling. When firmly compressed in the hand, the meal should form 
a eirmpact, snowball-like mass, not crumbly, and the oil should ooze 
out quite freidy Iretween the fingers. The odor from properly c(tok(’d 
meal is characteristic, different from that of the ground seed, but not 
resembling a “ burnt ” odor. A good thermometer should always be 
CMinected witli the interior of the lower compartment, and its indica¬ 
tions carefully watched. Automatic regulation of temperature and 
moisture would be desirable for iierfeet tempering; but methods for 
producing such regulation have not yet lieen suggested. 

Seed which has lieen accidentally wet is very difficult to treat. Unless 
taken care of promptly after the wetting it will heat, sprout, and spoil. 
It should be at once removed from the storage tank, spread out in a 
thin layer in the sun or in a dry warm room, and frequently turned over. 
It is difficult to grind, and requires close watching as it goes through 
the rolls. As it produces inferior oil and cake, it is usual In run it 
through the mill with at least an equal bulk of pure seed, which facili¬ 
tates the grinding and tempering. The latter operation should be per¬ 
formed with great care, to avoid burning the seed, and more than the 
usual length of time should be allowed for it to gradually reach flie 
proper temperature and to thoroughly drive off the excess of moisture. 
The yield from seed which has been wet is always low. 

From the bottom of the lower compartment of the heater the meal 
to a box mounted on a runway over which the box travels to the 
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rlear out against the stops. No stroke can be made with either machine 
partiaUy under the head. The meal boxes are of heavy sheet steel, 
llie flapper framra are of wood, bra(i.s faee<l, and hinged to the head 
block. The usual cake sizes for which formers are built are 1* X *8 
inches, 13 X 34 inches, 13^ X 34 inches, and 14 X 34 inches. These 
are apt to undergo slight modiheations at the hands of the crusher. 

The hydraulic former, usually used, is rather more eomfurtable fur the 
workman than the hot steam former. 'ITic pressure used is alwut five 
times higher, permitting of the use of a smaller ram. ITic ram stroke 
being only about 4.1 inches, the power <'unsuniption is slight. Some 
designs involve the u.se of a stationary ram, the ram eyiindfr moving 
u]>wurd with the base block or platen. This is an incidental jarint, 
dejK'iKlIng largi'ly upon convenience of arrangement, 'lire cylinder 
and platen are made in one piece, and are heavy, so as to give a <juick 
fall when the pressure is released, llic n})erating valve banilles arc 



Faj. la. — ItrcKin'E Docai.£ HynHAVLic 
Cakf. Foausa. 


tiirmsl to either side to cause the 
apjdication of the pn'ssiirc, and 
.sliiftcsi downward to rclca.se it. 
These handles, as shown in the, 
illustration, Kig. 10, are |>inned 
rigidly to a continuous .shaft feath¬ 
ered full length,e\ce])tingfor .short 
intervals at the middle and ends. 

Forked castings engage these 
feathers, the castings Iwing at¬ 
tached to the molding Iwxes, thus 
preventing the turning of the op¬ 
erating handles at improper times. 
The operating valve is encased 


within the base of the floor stand, thus lieing protected from fouling by 
spillr<l meal. All pipe connections arc below the floor, out of the way 
and secure from atsadent. The ram is pai’ked with crimped leatlier. 


'J'he dimcn.sinns of the hydraulic machines are as follows: 



Siiitfle 

Ponner. 

Double 

Former. 

tn (BrPEulth. 

H«.r«pace|jj^,h,. . 

HcIkM .. . . ^ . 

Approximate WMght 

4 ft. 0 ill. 

3 ft. 7 m. 

4 ft. 4 in. 
4100 \\». 

4 ft. 0 in. 

5 ft 4 in. 

4 ft 4 in. 
4400 11 m. 
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The power former, shown in Fig. 17, is used only in mills of small 
capacity. It is automatic in its movements, the lifting of the hand 
lever in frcmt starting the mechanism, and the madiine locking itself 
in the open position shown in the engraving, after the cake is formed. 
The pan must lie laid, the press cloth spread, and the meal supplied 
just as in the case of tlie hydraulic former. The molding Iwx is sta¬ 
tionary, and the pressure is produced hy the downward movement of 
the head-piece. The head recedes as it rises, so that in opoi position 
there is clearance for the full-length passage of tlie meal box in front. 
This machine occupies a floor space of 4 feet 2 inches by 8 feet 
10 inches, a height of 4 feet 4 inches, and weighs 2400 {lounds. 



PlU. 17. -BlK'kOTE PoWSK (.'Akli FlO. 18. — HUCKKYE DotllUn ^EAM CaKE 
FoauBH. Fobmeh. 


A steam-operated former is shown in Fig. 18. These formers are 
made both single and double. The vertical stroke is i] inches. The 
steam is gradually admitted, so as to produce compression without 
shocks. Provision is made for catching drips and leakage, and the latter 
is reduced as far as po.ssible by using a special form of piston packing, 
which is forced tightly against the cylinder walls by the pressure of 
steam. This machine is used only in miEs of small or moderate size, 
Ixing more wa.steful of power than a former operated from a good 
modem hyilraulic system. The dimensions arc as follows: 
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Fig. 18b shows a single unit heater and steam former as built by 
the Hatt Iron Works Company. 

Compressed-air formers have l)een used to some e3dent,but not largely. 
The hydraulie former may l)e considered the present standard machine. 
One of the largest savings possible in the linseed industry would be 
effected liy an entirely automatic cake former and press filler, which 



Pig. 18b. — Platt Heatkk and Steau PoBMitu. 

would obviate the necessity of manual labor between the heater and the 
presses. This would save praetically two-thirds the cost of press¬ 
room tabor, or practically one-third the entire cost, within the mill, for 
producing raw oil and bulk cake. It would greatly reduce the time 
of filling the presses, remove the complicating and troublesome labor 
problem in the hot press room, increase the yield of oil and the output 
per press, and be generally desirable. The only effort yet definitely 
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made to effect this saving ha.s l)eon that of A. B. Lawtber, a pioneer 
in the linseed industry, to whom were issued United States letten 
patent No 780,53*, covering apparatus for automatically extracting oil 
from seeds. In Mr. I,awther’s invention, for .several reasons, among 
which may he named the i)rimc difficulty of conveying the formed cake 
from the place where it is made to the various pres.ses of tlie mill, and 
the diffieulty of <ielivcring such cake to the various chamlKTs of the 
press, ihe pmnex are brought one after another to the cake-forming 
apjiaratuii and loweml, after lifting to full height, so that chamber 
after chamlx'r of the press (s)mcs into position to receive the eake from 
the forming machine without movement of the latter. Ilic cake is 
discharged from the ])resses by a similar stc|)-by-stcp lowering. A 
.stationary heater and a stationary eake-forming inaeliine an‘ pnwicli-d, 
to which latter the meal is eonveyisl fmm the heater l>y means of a 
.screw conveyor. .scries of hydraulic presses is mounted on a turn¬ 
table, which moves around on a fixed track by an intermittent motion, 
bringing each pre.ss sumsssively into projwr position with relation to the 
forming machine. Tlie device for raising and lowering the presses is 
‘mounted on the turntable. The operation is hydraulic thmughout. 



CHAPTER V. 

PRESSING AND TRIMMING THE CAKES. . 

Operation of the piesns. —Time interral and output—Tnfliienee of various factora upon 
yield.—Theory of hydraulic operation.—Importance of correct molding.—Wci(;ht 
of cake.—Hi^ temperatures necessary for good yields.—MBt8.—Influenee of mats 
on yield (d oil.—Cold-pressed oil. —Permissible number of plates.—Links.—Lifts. 
—Reversing apparatus.—Details of eoustmetion.—Press Iroxcs.—Plates.—Drain¬ 
age.—Attachment of mats.—l*ress elotli.—Use of eamel’s hair.—Strippers.—Mechan¬ 
ical strippers. “The press gang.—Trimming.—General analysis.—The French 
trimmCT.—Details of construction.—Disposition of trimmings. 

The capacity of a linseed-oil mill is roughly expressed by the number 
of presses which it contains.' This is scarcely an accurate measure, 
because the output per press may vary 100 per cent or more, according 
to the size and arrangement and the program of operation. Presses 
arc grouped in sets of from five to twelve, six Ireing the u.sual numircr. 
Each set is operated by a gang, usually of three men. The presses are 
filled as rapidly as possible, in turn, the pressure being applied to each 
as filled. After filling the last press of the set, the men have a brief 
breathing time until the signal bell sounds for starting the filling over 
again. The pressure is then released from the first press, its contents 
removed, new cakes inserted, and the pressure again applied. The 
same operation is performed for each of the presses in the group. 

Ihe men work to a schedule which is expressed by the number of 
“ pressings ” or "changes” per hour. Thus, six pressings per hour means 
that the moi fill and empty six presses in each hour. Ihis is about 
the average speed of workmg. If the presses are in groups of six, then 
there is an interval of exactly one hour between the times of filling 
and applying the pressure on each press, during about fifty minutes of 
which the press is subjected to pressure. During the other ten minutes 
the press is being emptied and filled. * If seven pressings per hour are 
made, and the presses are in groups of six, thm the interval between 
fillings on each press is ^ X 60, or 51 mmutes; and if five pressings are 

■ Its output is messured by the number cl bushels d seed crushed, just as tbit of i - 
ootton-oil mill is determined by the number of Ion) id seed worked. 

6S 
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made, the interval is f X 60 = 72 minutes. The amount of work 
done hy the men depends upon the number of pressings made per hour, 
and is independent of the number of preswes in a group. The time that 
the rakes are in the press, and ron.sequently its output, arc Imth deter¬ 
mined by the number of pressings made and the number of presses in 
a group, tyhere many presses eomstitute a group, if a fair output is to 
be obtained, the men mu.st either work harder or more than three men 
must be used on each press gang; in either way more pressings per 
hour being made. 

The output of a press depends upon the time interval between fillings, 
the weight of the cakes, and the numlwr of eakes per press. If JV = tlie 
numlwr of presses in a group, = the number of pressings per hour, 
W = the weight of the meal eake fed to the press, in pounds, C = the 
number of eakes per press, then the weight of each press charge is CW, 
the weight of meal pressed per hour is PCW ^ N, and the number of 
bushels crushed per day of 24 hours is || PCW + N. Conversely, if 
the daily output in bushels is known, say as B, then the average weight 
of the meal cake may Iw ascertained, providing the presses are working 
uniformly to schedule, from IK = § | JVB -e PC. The number of cakes 
per press ranges from twelve to twenty-four; the average weight of meal 
per eake is from .sixteen to twenty-four pounds. For the common prac¬ 
tice of making six pressings per hour on a group of six presses, therefore, 
the daily output in bushels under average conditions is X 6 X 16 X 
20 + 6 = 1S7 per press. A thoroughly modem press having a capa¬ 
city of twenty 21-pnund cakes should crush 5|X6X20X21 ■7-8 = 
180 bushels per day. In various styles of presses, the capacity over a 
year's operation has been found to range from 100 to 184 bushels per 
press per day, while the percentage of oil left in the cake was from S.89 
to 7.70. Singularly enough, the highest “eake test” was often shown 
by the mill working at tire lowest capacity per press. 

Hie number of plates seems to have no effect upon the yield of oil, 
and the influence of the time of pressing has not yet been satisfactorily 
determined. Hiat there is a time below which the crusher dare not 
go is certain. The writer was unable to find any detrimoital influence 
on yield of oil by reducing the time interval in one case from 84 to 60 
minutes. It is probable that 60 minutes (of which SO are spent in actual 
compression) is a rather longer time interval than is actuidly necessary; 
but some allowance must be made for delays which occaskmally occur 
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in filling the presses, often resulting in a considerable decrease in the 
time during which the cakes are actually under pressure. 

In making tests on this point, great care must be exercised to see that 
tlie number of changes ])er hour corresponds accurately with the actual 
time the cakes are under pres.sure, or, in other words, to sec that the 
pre.s.ses are fillc<l in uniform time and tliat the hydraulic operating valves 
are all working alike. Provision should lx? made also for considering 
the effect of any leakage from the hydraulic system into the oil product 
from the i>resse.s. 

Tlic yield of oil is infiucnccd, a.side from the requirements of fine 
grinding and proper tempering, liy the following factors: the average 
pre.ssure in |)ounds per square inch upon the cake; the time during 
which tills pressure is maintained; the uniformity of density of the 
cake as placed in the press; the thickness of tlic cake, or the weight for 
any .stated dimensions and fixed operative pressure at the former; and 
the continuous high temperature of the meal from the time it Icavsvi the 
heater until it leaves the prc.ss in tlie forms of oil and oil cake. 

Linseed is pressed once only, although it contains fully as high a per¬ 
centage of oil as some other seeds which are given two or three .successive 
pre.ssings in order to obtain a fractional quantity of extremely high grade 
oil (ofh-n edible). The single pressing for lin.seed is not necessarily an 
indication of more perfect methods of oixration, although the residual 
oil in the press cake is kept low. Tlie single pressing gives low cake 
te.sts at some sacrifice cf the quality of the oil. Oilil-pressed oil, pro¬ 
duced by leaving upward of 15 jier cent of oil in the cake. Is admittedly 
of sujierior quality. 

The total pressure on the cake is obtained hydraulically, the action of 
the hydraulic press being based on the law of hydrostatics that a pres¬ 
sure exerted upon a volume of liquid is transmitted undiminished and 
equally in all directions. Thus if we have a cylinder filled with water, 
in one end of which is fitted a piston one inch in area, and in the other 
end of which a piston havmg 100 inches of area travels, the application 
of one hundred pounds of pressure on tiie small piston will result in a 
pressure of 100 pounds per square inch on the large piston, or 100 X 100 
= 10,000 pounds total. The large piston will, however, travel only 
as far as the small piston, as the di.splBcements must be equal. Con¬ 
versely, the application of 10,000 pounds pressure on the large piston 
would result in a pressure of only 100 pounds on the small piston; but 
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the latter would travel 100 times as far as the former. An hydraulic- 
press system consists therefore of a small cylinder containing a small 
plunger moving at high speed, connected with a large cylinder con¬ 
taining a large plunger moving at low speed but exerting an enormous 
pressure. In a linsccd-oil mill, the small cylinder is the hydraulic pump, 
and the large cylinder is a part of the press. The pump is designed to 
exert a pressure of alxmt 4000 pounds per square inch. A press ram 
16 inches in diameter has an area of over 800 square inches, and the 
pressure which it exerts on the cakes is therefore about 800 X 4000 = 
800,000 poiuids. If this is applied fa> cakes of reasonahic size, say 18^ 
by 33 inches, having an area of 418.5 s()uan' inches, the pressure per 
square inch on the cakes is 1940 pounds. In order that this pressure 
may l)e steadily maintained over the entire surface of the cake, the 
hydraulic pump and accsimulator equipment mu.st Ik- ample, the pipe 
joints and plunger packings five from leakage, the control valves tight, 
and the platen, or heavy block on top of the ram, by means of which 
the pressure is transmitted to the cakes, must l)e sufficiently stiff, in 
proportion to the length of the eake, .so that there will lie no flexure of 
the extreme ends of the platen, resulting in a reduction of the pressure 
at the ends of the cake, llie plates and mats must also be of proper 
size with referenw to the cake dimensions. 

Ilie questions of time of prc.s.sing and control of pressure involve 
some eompliration. and llieir detailed consideration will lie deferred 
to later chapters. Uniformity of den.sily of the cake is of great impor¬ 
tant' to good yield. Absolutely uniform rakes must lie molded in the 
former, if uniform pie.s.sure is to 1 k' secured in the press, with conse¬ 
quent freedom from .soft .spots in tlic rake carrying an exces.sivr amount 
of oil. Sometimes the distribution of tlie meal by the former is irregu¬ 
lar simply on account of the carelessness of the operator. In one 18- 
press mill, the average of 16 cakes from one pre.ss gave 11.88 per cent 
of oil at a distance six inches from one end and 6.46 per cent six inches 
from the other. This tendency to irregularity is often corrected by 
running the meal excessively wet and applying the press pressure very 
rapidly in order to cause excessive spreading for Ailing the thin places 
in the cake. This is destructive on press cloths. 

Tlie effect of the thickness (or weight) of the cake on the yield has not 
been accurately determined. Heavier cake means larger output, and 
die tendency at present is toward heavier weights, say about 83 pounds, 
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yielding an oil cake weighing 15 ]»und.s. At the .same time, one of the 
largest and mo.st sueee.ssful exushens is producing oil cake weighing not 
much over It) pounds, with an admittedly good yield of oil, and the 
small weight of these eakes appears to eominend tliem to the foreign 
buyer. Further discussion will lie given this subject in a later chapter. 

Hie tem|KTatun‘ of the meal has an important liearing on the yield 
of oil. It mu.st not only lie thoroughly hcaU'd in the kettle; but it mu.st 
also lie kept hot. Tlie pre.ss elotli aids in retaining the heat, but a tsin- 
.siderable loss is met with by radiation and by direct eonduetion due to 
contact with metal surfacs's in the meal Isix, the former, and the press. 
Tins loss is most notieeable in starting up the mill on Monday morning, 
when everything is cold. A poor yield is then always expected. ITic 
pres.ses an' sometimes housed in to prevent eum-nts of cold air fnim 
.striking them. Some of the mon- recent presses have steam-jiwkehsl 
side walls, which are thoniughly heated when .starting up the mill. 
F<‘W mills make a praetics- of running thniugh Sundays to avoid tlie 
heavy lo.ss of .starting up (sild; lint this loss is so gn-at that it is considered 
giKid practice, in case of a holiday .shnt-<lown on 'lliursday or Friday, 
not to run for one or two days, but to jiostiKine .starting until the follow-' 
ing Monday. Lalwr (sinditions undoulitislly ti'nd Ui induenee .such 
action. 

The <|uestion of n-tention of heat by the meal while in the press 
brings up the moohsl subject of mats. Modem forms of plate-pres.sos 
an- made either with bare plates, with mats on one side the plates or 
willi mats on Isitli sides. The mat, of hair on a wire base,* is readily 
iletaehable from the plat*'. It serves to rigidly grip the press cloth and 
the contained meal and to transmit the hydraulic pressure equally to 
all parts of the meal cake. The mats are larger than the eakes, over¬ 
lapping from 8 to 3 inches all around. The coarse hair of which they 
consist is a non-conductor of heat, and the consequence of their use is 
a retention of heat in the meal which would otherwise U' transmitted 
away by direct <sintaet with the bare plates. On the face of it, there¬ 
fore, the use of mats on both sides of tKe plates should give the highest 
yield of oil. 

Tliere is some objection, however, to the use of mats. They must 
be frequently renewed, and these renewals are expensive. A more 
serious objection lies in the influence of mats on the output of the press. 

* The use of cuaneiy woA'en uiatu of manila rope ocratiionally (inirtioed. 
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The working length of the latter, or height from platen to head block, is 
limited by the ability of a man to lift and place the top rakes. The 
number of cakes which the press holds depends upon its working length 
and the distance, center to center, of the cakes. As the mats are of 
appreciable thieknras, their prc.senee increases the necessiary distance 
for .spaiing the plates, and eon.sequently decreases the output. By 
removing all of the mats, usually two additional cakes can be provided 
for in an ordinary press, corresponding to a 10 per cent increase in 
output. Tliere is a further advantage due to the discarding of mats and 
the increasing of the number of cakes in the press. 'JTie top and ixdtom 
cakes always yield proportionately less oil than tho.se intermediate on 
actsmnt of their being more expsed and their consequent quicker 
cooling. With a fixed lo.ss of oil due to the top and lx)ttom cakes, the 
|)mportion.ate lo.s.s is of course less as the numla'r of cakes is increased. 

When mats arc discarded, the plates arc corrugated to form an im¬ 
print on the rake .similar to that pmdms-d by the woven mat, and 
tlius to prevent the sliding of tlic preas cloth. The .strain on tlie plates 
i.s much more severe than when they arc iirotcc-tcd with mats, and they 
•arc frequently made of cast steel. The ronsumptioii of press clotli is 
.somewhat increased when bare plates are u.scd. 

No tsmclusive exix'rimental evidence has l>een obtained as to the 
influence of the pre.si'nce or alxsencc of mats on the actual yield of oil. 
Three days of careful obsen-ation at one mill gave average pereentages 
of oil in cake as follows, the other conditions Iceing kept uniform: 
with two mats on each plate, 8.17; with one mat, 5.87; with bare plates, 
.7.80. During the same period a similar test was made at another 
mill under the same management, giving exactly oppsite results, i.e., 
the cake test was highest when no mats were used. The first mill com¬ 
monly ran with Imre plates; the second with mats; so that the result 
at each mill justified its own practice. The first mill regularly ran at a 
lower test of cake emd higher yield of oil than the second when sup¬ 
plied with the same .seed. 

One of the laigest crushers ran a test on this subject for six weeks, 
and found, after elimmating all pssible conditions of variation, that 
the presence or absence of mats made no appreciable difference in the 
yield of oil. Many mills run with one mat, on one side of the plate only. 
A few have abandoned mats entirely. It is noticeable, however, fliat 
each mill reprts results which substantiate its own practice. This is 
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no doubt due to tlie fact that the tempering which is suitable for opera¬ 
tion with mats is not at all suitable for bare plates, and vice versa. 
The l)sre plates certainly radiate heat more rapidly. A higher initial 
temperature of the meal would seem to l)e neeessary. This higher 
temperature is limited, however, to that at which the meal will lie in- 
jurcrl by the heat. The operation of tempering is more flexible, there¬ 
fore, when mats are used. The increasetl destructiveness bf the Iwire 
plates uism press cloth may lie offset by the elimination of mat nmewals. 
While the use of mats may still Ik- regarded as .standard practice, the 
elimination of the mat on one side of the pnsss plate appears to offer 
an opjmrtunity fiir increased output without de|>arting unduly from 
conservatism. 

The pressing of whole .seed is rarely praitieed in this country. The 
pressing of umsxiked meal, making cold-pressed oil, is only occasional. 
'Tlie business in cold-iircsseil oil is so small, and the interference with 
his ordmary o|X'ratiun .so great, that tlie average manufacturer prefers 
not to Ixithcr with it. Various new methods of manufacture lend them¬ 
selves more ri'adily to the econoiuieal production of (sild-pre.siasl oil, 
which can always Ix' secured .somewhere in the country by tho.se who • 
want it. The oil differs widely in its charaeteristics and applications 
from ordinary linseed oil. 

The number of cakes which a jiress will contain depends upon the 
distancs' from platen to head bkx'k and the spacing of the platr.s. As 
has Ix-en indicated, the distance in ipiestion is determined by the limit 
of a man's capacity for introducing the cakes. The older prc.ssi-s set 
this limit rather low. In one old mill, the equipment consisted of 
jMvsses none of which tsintained more than 17 plates. The maximum 
distams' from head block to platen was 70 inches. The plates had 
mats on one side in all eas(‘s, and on both sides in a few of the pre.s.srs. 

'fhe miifiirm distance-interval Ix-twecn tlie plates is maintained by 
means of links, which hang from pins on the side of one plate and grip 
pins on the side of the next lower plate. The distance center to I'enter 
of link-pins, in the mill just mentioned, ranged from 3j inches to 
inches, the greater distance lx“ing neex-ssary when hair mats were used on 
both sides the plate, the lesser when mats were used on only one side. 
With no mats, die sparing of the plates could lx* stiU further reduced, 
thus increasing the numlx-r of plates in a press of given height. 

The links should be readily removable, and should permit of alisolute 
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frpfdom of movement of the plates, so as not to interfere with their 
upward travel when the pressure is applied. In many mills, it has been 
found that the old link sparing gave a distance unnecessarily great 
between tlie plates, and that by making new links, witli a shorter 
distance center to center, tlie number of plates in the press could lie 
increased. If this is carried too far, however, the takes will “ crowd ’* 
in entering the press, causing much annoyance and sometimes saerifieing 
output or yield, particularly just after the mats have been renewed. 

An important feature in pre.ss construction is the projK-r arrange¬ 
ment of “ lifts. ” These consist of forked lifting mils suspended from 
above tlie press, the forked fingers of the rods engaging the five or six 
uppermost press plates. By moans of a .small cylinder and plunger 
placed above tlie press, these lifts are held up so as to keep the upper 
plates in tlieir compressed jmsition when the hydraulic pressure is re¬ 
moved from the press. This leaves a good wide gap between the lower 
plates of the press, and facilitates the removal and insertion of rakes. 
Wlicn the lower jilates have thus been refilleil, the o{)cuing of a valve 
in a pipe leading from the small cylinder above the press jiermits of the 


•de.scent of the small plun¬ 
ger, lift, and upper plates, 
which are then refilled. 'Fhe 
pipe from the tylinder Icatls 
to a supply tank. When 
pressure is applied to tlie 
press again, tlie upper plates 
rise, cariying the lift anil 
plunger witli them and per¬ 
mitting the lift cylinder to 
fill witli liijuid. 'ITie tsmtrol 



WITH ft UPPER PREftS PUTM 

Fia. 10. — Auhavuemknt Press I^rra. 


valve is tlien closed. Fig. IS illu.strates diagrammatically the usual 


arrangement of a preas-lift system. 

.Another method of expediting the press operation is to provide formore 
rapid de.scent of the plates when the pressure is removed. Ordinarily, 
the weight of the ram, platen, plates, and cakes results in a gradual 
descent as soon as the pressure is relieved, in spite of the friction of 
the ram and of the hydraulic discharge connections. When no lifts 


are used, the top cake is first freed, there being maximum weight sus¬ 
pended from its connecting links, and the cakes are gradually loosened 
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fnim the top downward, the pressman separating the wrapped cakes 
from the hair mat wdth an edged wooden stick and cariying them to the 
stripping tal)lc. Where lifts are used, loosening Itegins wdth the first 
plate below the lifts. Sometimes the loosening operation is so slow 
as to cau.se the pressman to wait, thus giving ri.se to excuses for delays. 
To expedite this movement, the hollow ram may he filled with scrap iron, 
the discharge openings fnnn the cylinder may be enlaiged, a special 
<li.scharge valve used, or a .separate hydraulic cylin<ler and plunger may 
lx‘ u.sed to force the plates downward. With the operative equi])- 
ment in good mechanical condition, there should be no delay in the 
desmit of the plates. 

The Jire.ss consists, inechanically, of a lower block or platen on top 
of a ram or cylinder (whichever Iw the movable part), a .sUitionary 
head block, Inited thnmgh to the cylinder or ram (stationary )>art), 
a ba.se plate, ami the press plates thcin.selvcs. Li the Buckeye Iron 
and Brass Works’ lin.seed press the lower block is in one piece with 
the cylinder, and the Ixtits or (stlumns attaching the hoail block to the 
ba.se are sr|uare, forming guides for the phites, and made of hammered 
iron, 'rhe (s)lumns have .solid rounil wrought-inm nuts at top and 
Uittom, having holes for the insertion of .spanner wrenches. Tlie.se 
nuts are locked by malleable iron bands or dogs, .sK-ured to them by set 
screws and having tail lugs engaging the head-block castings. The 
cylinders are of cast iron, tested to a pressure of StKKI pounds per .square 
inch, and of a composition and of proportions suitable to meet this te.st. 
The base plate is cast separately, witli upward projections or lugs on 
which the cylinder is set without fastening. It has a flange or rim 
around the edges, to catch any accidental drippings of oil. Drainage 
from the plates is provided for by oil channels made in the four sides, 
.surrounding the cakes and pitching towaril the rear, where they con¬ 
nect with short down .spouts. A pijie runs from the Ixrttom plate 
directly to the oil trough. Each fourth plate has a galvanized iron 
drain pan to catch tlie oil from its own surface and also that dripping 
from the three plates above. 

Hie press plates are of either brass or steel, consisting cither of plain 
plates or boxes with enclosed sides which nearly meet when the press 
is “up” or under pressure. The box plate* is, however, now rarely 

' This is the press almost invariably used for cotton seed. For pressing small seeds, 
especially when several expressions are made, a superior quatily of oil is obtained from the 
first pressing by using the "cage" type of press shown in Pig. Ola. 
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used in linseed presses. The plates may lie perforated or corrugated for 
use without mats, or may have mats on one or both sides. The inde¬ 
pendent drainage system descriW makes for eleanliness, and avoids 
the necessity tor the old-fashioned praelice of setting the press so that 
it tips backward. Hair mats, when used, are secured in place by 
horseshoe nails driven through holes in the boxes. The lx)x faces 
have .spurs on top and Inttom for holding and preserving the mats. 




Eio. — Pkkss Uoxeb. Fio. iS. — Peess Pi.at«b Ufa Mat. 

The details of the press Imxes are shown in Pig. These are of 
either brass or cast steel. All have independent drainage. The brass 
box is a one-piece easting, but costs more than the steel box. When 
mats an' not used, the closed brass or steel Ijox, with steel grate and per¬ 
forated lirass plate, is n-commended by the builders. The Ixixes are 
also built for hair mats, the construction being shown in Fig. 23. 

The plate type of linseed press, now most commonly used, is shown m 
Figs. 24 and 25. This style is built to contain 20 cakes 13 X 32 inches 
in size, weighing (pressed) 12 pounds each, or the same number of 16x84 
inch cakes weighing 16 pounds each. The plates are of steel, f inch 
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thick, excepting those at the top and liottom, which are 1 inch thick. 
Notches arc milled in lioth side edges of tlic plates, to fit the square 
press columns, thus insuring alignment. The suspension of the plates 
is divided into tlirec entirely separate groups, the top plate of the upper 
group heing secured directly to the head block by cap screws, while the 
upper plates of the other two groups are fitted with lugs which rest upm 
the square heads of .screws entering the columns at tlie proper positions. 
By Ibis subdivision of the saspension there is avoided the p>ssibility 
of straining the links .sufficiently to eau.se crowding of even the lowest 
cake. Sus]K'n.sion < f the various plates in each group is by means of 
plain open luiks of malleable inin, hung on T-head bolts screwed into 
the plate edges. This arrangement provides for quirk removal of links 
or jdates by .simply giving (juarter turns to the Isdts. 

Kaeh set of 80 plates has five drain pans of lieavy galvanised iron, 
(sniveying tlie drainage to a vertical oil-pi{)c, also of galvanisisl iron, 
di'cliaigiiig into the .settling trough Ix-low the floor. 'Hie vertical pipe 
is so .sup}x)rtrd from ulH)ve tiiat it may be readily removetl from tlie 
press. A eatrh-pan is provided on the platen, draining directly into 
tlie .settling trough. A liaekward in( lination of two inches is given these 
presses. Tlie press occupies a floor space 3 feet i inches wide and 

3 feet 6 inches deep, is 8 feet I inch high aliove the floor line, or 13 feet 

4 inches high alxivc the foundations, weighs 80,800 pounds, and Is 
spa<-ed 3 f«'t 8j inches on cenU'rs. 

As most (simmonly used, the plates have plain faces, provided with 
hair mats on each .side.* When one mat is dispensed with, the upper 
fai'cs cf the plates are grisived, and the 
mats placed on the lower fiwes only. The 
double-mat plate is illustrated in the lower 
left-hand comer of Fig. 83, and the single¬ 
mat plate, with gnsivcsl face, at the upper 
right-hand comer. Drainage channels are cut into the upper plate 
faces, across the front and along tlie rides. In these channels the 
expressed oil is caught and carried to the rear by reason of the backward 
inclination of the press. 

Press action tends constantly to squeeze the mats outward at all edges. 
To overcome the effect of this tendency and to avoid in large measure 

‘ The pistes aiv sometimes made as dies so as to leave a brand on the cake. An 
example of a branded cake is shown in Fig. iU. Brands are rareb used in this 
country. 
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the consequent injury to the mats themselves, mat preservers are of 
advanta^. These are inserted beneath the mats and secured with 
them to the plates. TTre preserver is illustrated at the lower right-hand 
comer of Fig. 23. This is of heavy .sheet steel, with a system of spurs 
raised by partial punching. All of these spurs are pointed inward from 
the four comers of the sheet, so as naturally to oppose sprjading of the 
mat, into which they imbed themselves. I.aige holes, matching the 
smaller ones through the plate itself, allow free passage of the regular 
mat fastenings. 

In central position on Fig. 23 is shown a hair mat. These mats are 
of the l)est possible grade, of long hair, closely and firmly braided. 
Boxes, plates, preservers, and mats for linseed pre.sses are made in 
sizes 12 X 28 inches, 13 X 32 inches, 13i X 34 inches, and 14 X 84 
inches. 

The press cloth, in which the cakes are enclosed while in the press, 
constitutes one of the largest items of expense in a linseed-oil mill, 
sometimes amounting to as much as one-sixth of the entire lalxir cost, 
or one-half of the coat of steam. The rost is largely affected by the 
treatment which the cloth receives. Meal containing too high a per¬ 
centage of moisture, worn-out mats, or too quick an application of the 
pressure, are all destmctivc. As the cloth wears at the hend over the 
ends of the cake, it should be pieced with sections of new or worn eloth, 
a small power-driven sewing machine being usually employed, and 
camel’s-hiur twine being used as thread. The limit of life of a press 
cloth until mending becomes necessary is seldom over six weeks; the 
cloth amounting to about 2 yards, or 4 to S pounds, per cake, worth say 
$3.00, its coat has then been applied to say 24 X 6 X 6 = 864 cakes, 
or a maximum of 432 bushels of seed. The cost of the cloth is then 
$3.00 -r 432 = $.0069 per bushel. This is somewhat reduced Iry 
piecing the worn cloths, as above described, but does i»t average 
much less than | cent per bushel. 

Press cloth is usually woven ftom qimel’s hair, in mils of widths 
suitable fer the cake, which are cut off to proper length in the mill. 
Camel's hair does not make as strong a cloth as can be produced from 
sheep’s wool, and the camel’s-hair cloth is not fitted to withstand a 
direct tensile stram sudi as is imposed when for any reason the cloth 
slips in the press. Ihe peculiar properties of camel’s hair make the 
latter, however, highly desirable as a material tor press cloths. It is 
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very elastic, retains its form and strength under great pressure, and 
above all, withstands to a remarkable degree the influwce of heat, 
being one of the very few fibers which retain their strength at high tem¬ 
peratures. Manufacturers would be glad to discover a quality of wool 
that would supplant camel’s hair. The camels are yearly decreasing 
in number, as railroads are becoming more numerous in the far East 
and gradually supplanting the old caravans. Meanwhile the demand 
for press cloth is steadily increasing. A heavy import duty is paid on 
any press-cloth material imported; this, however, is subject to a draw¬ 
back based on the exportation of the cake produced. 

The press cloth, besides enclosing the meal cake and facilitating its 
ready introduction to the press, serves as a filtering material through 
which the oil passes on its journey from the meal. A fairly close-woven 
cloth is therefore de.sirable. There are various styles of weave used in 
various mills, the difference being due to individual preferences and 
slight differences in the grade of seed, the mats, the tempering, etc. 
Various weights of cloth are also obtainable in the standard widths and 
weaves. The camel’s-hair cloth is less generally used in Europe than 
in this country. 

Excessive spreading of cake in the press, due to improper forming, 
often the result of a lack of .sufficient capacity in the former meal box, 
results in rapid destruction of the press cloth by subjecting it to tensile 
strain. The spreading of the cake also forma enlaiged ends, beyond 
the ends of the mat, increasing the strain on the cloth and the amount 
of unpressed meal to be trinuned from the cake. When the cloth is 
cut so short that the ends do not meet, a high percentage of oil will be 
found m that portion of the cake not completely enclosed by the cloth. 

The cakes taken from the presses must have the press cloths removed. 
Usual practice is to pile the cakes with their closely adhering cloths on 
a table which is mounted on rollers. This table is rolled up close to 
the press until the latter is emptied, then rolled away to a cooler and 
more convenient place, where the cloths are stripped off and passed 
back to the former. This is hard work, and mechanical strippers have 
lately been introduced in some mills. One type of stripper consists 
of two roughened rolls, the upper of which is stationary and mounted 
between the stripping table and cake truck or trimmer, while the other 
moves up and down as actuated by a foot lever. 'Hie workman tears 
or strips one end of the cloth from the cake, and passes this end under 
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the stationary roll, meanwhile pressing the lower roll up against it with 
his toot. The two rolls, which revolve hy power, tear the cloth from the 
cake, depositing it on the floor and parsing the cake itself over and on 
to the cake truck or to the trimmer. 

Standard press-room praetiw formerly involved the use of three men 
on each pn-ss gang—one molding the cakes, one filling and emptying tlie 
presse.s, and the third stripping, trimming the soft edges from the cakes, 
and carrying them to the cake truck. This was found to give the first 
man a little the easiest joh, henee he was ealW upon to “ spell ” the tliird 
man. Tlie three iiui.st work together, excepting tliat the cakes need not 
Im' stripped and trimmisl quite on schedule time. In case of the work 
Iwing slightly delayed, this part of it may eon.sequently 1 k“ neglected 
for a few moments, the third man assisting in the molding, where double 
formers are u.sed,or in filling or emptying the presses, and thus working 
the gang up to Uie signal Iwll sehislule again. Usually the press gang 
has nothing to do with the tempering of the meal, this In-ing attended 
to for the entire mill hy .some one res{)on.sible man. With the advent 
of mechanical trimmers, some rearrangement of the pre.ss gangs has been 
made. .\ few mills still work three men, on the old system: some work 
three men, but have increased the numlwr of pressings jK-r hour; others 
have reduced the gang to two men, or two and one-half, letting one 
stripiwr do the work for tws> press gangs; and with automatic trimmers, 
mechanical strippers, and other improved a]>plianees, and with l)etter 
pre.ss-room (onditions, tlie tendency is now toward the reduction of the 
gang to two men, excepting when more than six pressings arc made 
per hour. 

The cakes as discharged from the press have soft rough edges, con¬ 
taining a relatively high percentage of oiL In order that this oil may 
be reclaimed, and that the cakes themselves may be fairly uniform m 
size, {lermitting of better packing, the soft edges must be pared or 
trimmed off. The origmal form of cake trimmer was a stationary 
knife, imliedded in a shallow trough at one side of the stripping table. 
The cakes were passed by hand lengthwise of the trough, one edge 
after another being thus pressed againk the knife edge until all four 
were trimmed. This was laborious and failed to trim the cakes to 
uniform size. There was little, if any, variation in depth of trimming 
to suit the softness of the cake. Another form of trimmer was power- 
actuated, a guillotine blade fallmg upon the end of the cake when 
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presented by the operator. Usually the cake was stopped by a rest 
behind the blade, which thus regulated the extent of trimming. Aside 
from the .saving in labor, whieh l)eneflted the employee rather than the 
manufacturer, this maehine had no advantages over hand trimming. 

The rotary trimmer was practically the same as the original hapd 
trimmer, exeepting that the stationary knife blade was replaced by a 
rotating cutter, formed of four blades firmly secured to a square shaft. 
This machine is rapid and uses but little power. To some extent, it 
follows the line of hardness adjacent to the .soft edges of the cake, and 
thus nits to a depth whieh is regulated by the percentage of oil. Its 
capacity is laige, and its introduction usually resulted in some net 
saving in lalmr, as one man could trim the cakes from two or more sets 
of presses. 'Ihe oseillating knife trimmer, us<sl to a slight extent for a 
few years, was a dangerous, awkward machine with no practical advan¬ 
tages over hand trimming. 

Tile automatic trimmer, the rapid development of which is mainly 
attributable to A. W. French, although progress along similar lines was 
.suliseijuently made by Dion and Belanger of Chicago, conforms to tlie 
fiieoretical re<)uircments of ideal trimming. The cakes are automati¬ 
cally conveyed to and from the trimmer; the cutters are mounted on 
pivots and liacked by springs, so that they arc free to .sway slightly back 
and fortli, following the line of junction of the harder and .softer portions 
of the cuke. By altering the tension of the springs, the trimming can 
be adjusted to any desired limiting percentage of oil in the cake. While 
the amount of power consumed is small, one machine has a capacity 
easily parallel to tiiat of a SS-press mill, and can lie operated by one 
man, who, actually, does not eperate the machine so much as some of 
the auxiliary equipment whieh is required no matter what type of 
machine is used. Large savings in labor are consequently possible 
when this form of trimmer is employed. 

No mill could afford to operate without trimming its cakes. Granting 
the necessity of trimming, it is logical to trim as closely as possible; i.e., to 
pare the edges to such a point that the edge of the cake wfil contain no 
higher percentage of oil than the center. The only modification of this 
conclusion that is permissible is that which is due to the additional cost 
of trimming and of disposing of the trimmings. As this cost is prac¬ 
tically that of press-room operation, say not over 2 cents per bushel, 
while the total cost of operation to produce bulk oil in a linseed-oil busi- 
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nes.s runs up to 10 cents or more per bushel, the cost of working over 
trimmings is about one-fifth tliat of working seed, and trimmings are 
consequently profitable material to work when csmtainiiig onc-fifth as 
much oil as the seed, or say from 7 to 8 per c»‘nt. The French Oil 
Mill Machinery Company quotes tests made of a large numlxr of 
cakes from different mills, showing that the )H'rccntage of oil in the 
triinmings as cakes were ordinarily pared was .seldom less than 40 per 
cent. Tile average of ten tests showed that .41 pound of meal was 
trimmed from each cake, this meal testing 24.} per cent of oil. .\.s,sinn¬ 
ing these conditions to Ik' correct for average operation, and that the 
trimmed cakes, weighing 14 pounds caj-h, contain 6 ])er cent of oil, 
tlien thc-re are esmtained m the trimmings from each cake, .4t X .44j 
= .004 (lounds of oil, or from each prc.ssing on a 40-eake presss. 
.094 X 40 = 1.84 pounds of oil, or from one day’s operation of such a 
pn-.ss at the rate of one jiressing jx-r hour, 1.84 X 44 — 44.1 pounds or 
5.9 gallons of oil. With oil at 4.5 cents per gallon, this (|uunlity of 
oil reelaimc-d is worth $4.05. Tliis is the .saving due to projK-r 
trimming, on a .single pre.s,s. The output of such a press being 
CO X 14 X 44 = 6710 pounds c'f cake, or say .‘1.8.55 pounds of oil, cir 
447 gallons {wr day, tlie saving by working up the trimmings is l.!14 jx-r 
cent. This is of course tlie groas saving and dex-s not csinsider the cost 
of working over the trimmings, nor the value of the trimmings as 
cake. To make the analysis general, let 

H’ = weight of cake, in pounds, 
r = weight of trimmings from each cake, in pounds, 

P = percentage of oil in trimmings, 

C = price of cake per 4000 pounds, in cents, 

O = price of oil per gallon of 7} pounds, in cents, 

K = cost of woricing over trimmings, in cents per bushel. 

Tlien the oil in the trimmings from each cake = TP + 100, worth 
TP -i- 750 X 0. The cost of reclaiming this oil = TK * 56, while 
the value of the oil as cake would be TJ* -e 100 + 4000 X C. The 
profit per cake by working over the trimmings is then, in cents, 

( PO K PC \ 

-); or the profit in cents per bushel of trimmings 

750 56 400,000/ r r-* 

( PO K PC \ 

-) = .0748 PO — K - .00048 PC. 

750 56 400,000/ 
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For 0 = 45, K = 4, C = 8000, this becomes 3.80 P — 4 — .56 P =• 
2.80 P — 4. For the average conditions found by the French Com¬ 
pany, the net profit, therefiire, rr.sulting from trimming, is (2.80 X 22.5) 
— 4 = 59 cents per Imshel of trinunings. If the soft edges amount 
to more than .41 pound j)er cake, or etmtain more than 22i per cent 
of oil, as is frequently the ease, the .saving due to taking care of the 
trinimings Is even greater than this. 

Cake (smtaining a high percentage of oil is of course more in demand 
than cake containing only 0 per cent, and commands a premium in 
tlie foreign market: but a loss of 1 cent per bushel in cruiihing .seed 
would recpiire a premium on the cake of more than 50 cents per ton, in 
order that it l)e offset 

Fig. 26 illiistratc's tlie latest form of French trimmer. Tliis has a 
nominal capacity of 20 cakes per minute, or say 60 pressings per hour, 



Ro. 26 . — Fbchccti Adtomatic Cake TaiMMra, 


practically that of a «)-prc8s mill. The floor space required is 4 feet , 
8 inches hy 4 feet 4 inches, over all. The shipping weight is 1300 
pounds. ITie power required has been shown by actual test not to 
exceed 2i horsepower when running empty and 4i horsepower when 
the four sides of cakes were being trimmed. This of course does not 
include power required to drive any external conveyors. The machine 
is self-contained and requires no special foundation. The cakes are 
piled by the stripper on the machine, which autom^cally draws one 
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cake at a time from the bottom of the pile, centering it as it travels to 
the revolving cutters on either side. These cutters are movable and are 
held from openmg too far from the cakes by adjustable spring tensions 
which compel them to follow the outlines of the cake edges, removing 
the softer portions and leaving the hard undisturbed. The cakes are 
then automatically piled on a table which forms a part of the machine 
and which is lowered an amount equal to the thickness of the cake each 
time a cake is delivered to it; or the tal)le may feed directly into the cake 
packer; or in some case.s, when the packing is not done immediately 
afti'r trimming, the trimmer delivers b) a link belt conveyor, ■which 
carries the cake to tlie cake house. Tlie table accommodates from 40 
to (10 cakes at a time. 

The trimmings are veiy fine. All belts arc encased to protect them 
from l)eing aife<‘ted by oil meal. The cutter knives should Ik- ground 
frp(|uently to ensure i-conomy of power. The machine will trim a cake 
broken in two, but not small broken pieces. In .some mills the meal 
is so tempeml, and the application of prc.ssure .so regulated, tliat hard 
ends arc formed on the cake, and trimming is not highly profitable 
from the standpoint of oil recovciy; but a high price is paid for this 
practice in increaswl consumption of ])ress cloth. 

With most trimmers, the parings fn>m the cake are full of small lumps. 
If these were returmsl directly to the heaters, they would interfere with 
the operation of tempering and prevent the formation of a uniform cake. 
A small grinding mill is u.sually mounted under tlie trimmer. ITie 
trimmings fall to this mill by gravity, and a grabs! manhole Ls usually 
ideated in the floor,.so that spilled meal may lie .swept into a chute which 
will deliver it to thLs same mill. From the mill the uniformly ground 
meal is carried by screw conveyors and belt or chain elevators to the 
heaters, from which it passes onci- more through the usual process of 
expression. This return of meal of course detracts from the theoretical 
capacity of the presses, usually from 3 to 4 per cent. 
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In (lisciissinp: tho manipulation of the formers and preases and the 
eake packers, little reference has iieen made to the important matter of 
hydraulic operation. As now practically perfected, the hydraulic sys¬ 
tem uivolves one or more pumps, at least two accumulators with auto¬ 
matic eontrollinf; valves and devices, and an automatic change cock 
fitted to cat'll press. The working fluid used for the transmission of 
the pressure is linseed oil, lioth on account of its low freeidng point and 
In-eause of its slight effect on pijies and valves, but principally because 
of the fact that any leakage through press-ram packings thus results in 
no detriment to the oil product from the presses. A supply tank is 
provided in connection with the pump, from which the pump draws its 
working fluid, and the returns from presses, formers, and eake packets 
are piped to this tank. TTie pump may be cither direct steam-driven, 
liaving its own steam cylinder, or belt-driven from the line sliaft. The 
belt-driven pump is more economical of power, excepting when exhaust 
steam is needed for heating feed water, for warming buildings, for 
jacketing the heaters, or for boiling and refining oil. Pumps may be 
either single-pressure or double-pressure. The former style of pump 
is more generally used, the latter being employed usually in very small 
mills where a single pump only is used. This style of pump has two 
hydraulic cylinders, one delivering at high pressure, the other at low 
pressure, and each cylinder discharging into its own accumulator. 

Hie low-pressure accumulator supplies the oil used in starting the 
71 
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cake at a time from the bottom of the pile, centering it as it travels to 
the revolving cutters on either side. These cutters are movable and are 
held from openmg too far from the cakes by adjustable spring tensions 
which compel them to follow the outlines of the cake edges, removing 
the softer portions and leaving the hard undisturbed. The cakes are 
then automatically piled on a table which forms a part of the machine 
and which is lowered an amount equal to the thickness of the cake each 
time a cake is delivered to it; or the tal)le may feed directly into the cake 
packer; or in some case.s, when the packing is not done immediately 
afti'r trimming, the trimmer delivers b) a link belt conveyor, ■which 
carries the cake to tlie cake house. Tlie table accommodates from 40 
to (10 cakes at a time. 

The trimmings are veiy fine. All belts arc encased to protect them 
from l)eing aife<‘ted by oil meal. The cutter knives should Ik- ground 
frp(|uently to ensure i-conomy of power. The machine will trim a cake 
broken in two, but not small broken pieces. In .some mills the meal 
is so tempeml, and the application of prc.ssure .so regulated, tliat hard 
ends arc formed on the cake, and trimming is not highly profitable 
from the standpoint of oil recovciy; but a high price is paid for this 
practice in increaswl consumption of ])ress cloth. 

With most trimmers, the parings fn>m the cake are full of small lumps. 
If these were returmsl directly to the heaters, they would interfere with 
the operation of tempering and prevent the formation of a uniform cake. 
A small grinding mill is u.sually mounted under tlie trimmer. ITie 
trimmings fall to this mill by gravity, and a grabs! manhole Ls usually 
ideated in the floor,.so that spilled meal may lie .swept into a chute which 
will deliver it to thLs same mill. From the mill the uniformly ground 
meal is carried by screw conveyors and belt or chain elevators to the 
heaters, from which it passes onci- more through the usual process of 
expression. This return of meal of course detracts from the theoretical 
capacity of the presses, usually from 3 to 4 per cent. 
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pirical only, and best practice would be based upon observation of the 
behavior of the cakes and press cloths. The early rapid movement of 
the preas is of additional importance as reducing the time fiir prelimi¬ 
nary rompre.<i.sion and increasing the time for the application of full 
pressure, thus tending toward a maximum yield of oil and a minimum 
cost of operation. 

Belt-driven hydraulic )>umps usually operate continuously during the 
working time of the mill, regulation lieing secured by by-pas.sing tlie fluid 
back to the supply tank when the supply of fluid is in excess of the 
rtKiuirements. With steam-driven ]>ump.s, regulation is by means of a 
<’hronomeb-r throttling valve on the steam pipe, 'lire superior economy 
of the jiower pump has led to its more general use in oil-mill operation. 
The .supply tank for the pumps .should la- loeabsl .so that its Urttom is 
at least two f«-t alxive the level of the plungers, llie suction pipe 
should la- as .short and .straight as ]xis.sible, and must he absolutely tight, 
else the leakagi- of air will im])air the pump's capacity luid result in the 
pre.seiKs- of foam in the (snii])re.ased fluid and the rapid destruction 
of packuig leathers. All oil entering the ttuik .sliould la- strained; not 
tinly new oil supplied but return oil from the pre.s.ses, etc. The strain¬ 
ing is usually done by nailing wire cloth of ala)ut No. 20 mesh to a woods® 
frame which is laid l(a>.sc-ly on top of the tanks, under the oil pipes. 
This frami-d seixs-n is tlins 
readily removable for clean¬ 
ing by a .steam jet when it be¬ 
comes gumiiusi or cloggcsi. 

Strainer, tank, and pipes 
should be tlioroughly en- 
closi-d by wooden lx)xing 
to prevent the dropping 
of foreign matter into the 
working fluid. 

Fig. 27 illustrates the „ „ „ ^ it 

Buckeye four-crank hy- Pinip. 

draulic pump, a type ordi¬ 
narily used in oil mills . The regulation of the pressure is as follows: 
when there is no demand for fluid, the plungers work idly, simply cir¬ 
culating the oil through and back mto the supply tank, the only power 
consumed being that due to the friction of the pump mechanism. TTiia 
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by-passing of the fluid is accomplished by means of automatic move¬ 
ment of a valve from a system of adjustable rods and levers at the 
accumulator. When working fluid is again in demand, the descent of 
the accumulator automatically closes the by-pass valve and the pump 
again delivers fluid at full working pressure. Where the pump is used 
on the old dinKt-pressure system, without accumulators, tlic plungers 
work idly when the press is let down, the low-pre.s.sure plunger sending 
its oil directly bac-k to the supply tank, and the high-pres.sure plunger 
pumping its oil to the change cock at the press, thence thmugh the open 
by-pass and back to the tank. When the press is to be sent up, the 
attendant, by clo.sing the change cork by-])ass and pulling a cord to 
rcleasi' a trip holding open Uie low-preasure direct outlet at the pump, 
sets both plungers into action in delivering oil to the prc.ss. When the 
press resistance inerea.scs to such a point as to overcome the low pressure, 
the latter is automatically thrown out of action by opeming the outlet, 
back to the supply tank; a cheek valve between the plungers ch)sea at 
omc, and the high-pressure plunger continues the operation alone 
finishing the working stroke of the pre.ss. Wlien the low prc.ssure is 
cut out, its outlet valve is tripped open, .so that when the change cork, 
by-pass is opened to let the prc.ss down, the eyrie is eomplctc. ready 
for the starting of another prc.ss .stroke. 

Tile crank shaft of this jiump is cut from a solid wrought-iron foiging. 
Cranks are placed 90 degrees apart. Driving pulleys arc without hul>s, 
but have dished centers. Isrlted male and female to flanges on the end 
of the crank shaft. Belts are brought to Iroth pulleys, for twin driving, 
from a power source located in any convenient relative iwsition. 

Connecting rods are of steel, and are long in proportion to the .stroke. 
The crank-pin connection is made by a pho.sphor-bronze yoke, adju.st- 
ablc and self-oiling. Tlie crosshcad end connection is designed so that 
a single set .screw, with lock nut, provides for adju.stmmt and also for 
easy disconnection. By Iracking off the screw, the cro.sshead connec¬ 
tion is broken and the rod may lie swung up to allow free withdrawal 
of the croashead and plunger. Since all delivery strokes are thrust 
strokes, the connecting-rod end simply bears directly against the phos¬ 
phor-bronze cro.sshe8d, and the set-screw connection does no work other 
than to draw the plunger out on its suetion stroke. 

Plungers are of steel, screwed into the crossheads. Valves and valve 
seats are of crucible steel; valve plugs and stufiSng-box parts are of steel. 
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the latter notched for spanner-wrench adjustmoit. Low-pressure cham¬ 
bers or “check blocks” are of phosphor-bronze, while the high-pressure 
blocks between them are machined from solid steel failings. 

When used in connection with the two-pressure accumulator system, 
as is ordinarily the case, twin suction pipes are led to the outer or low- 
pressure chamlxjrs, whence the low-pressure accumulator is supplied. 
'Fhe high-pressure chaml)crs draw ujrnn the low-pressure system for 
their supply of oil for delivery to the high-pressure accumulator. When 
the pump is working idly, all plungers simply circulate their ofl from 
the supply tank to the controllir^ mechanism at the accumulators and 
thence l>ack to the tank. The pump is mounted on a base plate, the 
edges of which are flanged to form a drip pan to catch whatever leakage 
may occur. Tlie plungers arc packed with cup leather or crimp pack¬ 
ings. lire dies for forming these cup leathers are made in two pieces, 
m je and female, with suitable bolts for drawing them together. Only 
flawless castings machined accurately in the lathe .should be used. 
Much of the success of hydraulic operation depends upon the tightness 
and endurance of the packings. A full set of took for regrinding 
pump valvcfi. and a few spare valves, should be kept on hand. The 
type of pump illustrated in Fig. 27 is made in two sizes. The .smaller 
occupies a floor space of 6 feet 2J inches by 4 feet, stands 4 feet 2 
inches aliove the floor, runs at 40 to SO r.p.m., and weighs 3140 pounds. 
Ihc larger, which weighs 4220 pounds, runs at 30 to 40 r.p.m., stands 
4 feet 5 in<hes above the floor, and occupies a space of 6 feet 3 indies 
by 4 feet 11 inches. 

It is cu.stomaiy to allow one hydraulic pump for from three to six 
jircsscs; say from one to two pumps per set of six presses. The neces¬ 
sary capacities of pumps may be reduced, in large mills, by avoiding 
the working of ail of the sets of presses to the same schedule, a five- 
minute interval being desirable for this purpose. The complication 
of operation in other respects leads, however, to a general disre¬ 
gard of this minor economy. A pump of the type illustrated in Fig. 27 
costs approximately $1000. 

The accumulator, as an element in the hydraulic system, has several 
objects. It stores the hydraulic fluid, which is, of course, intermittently 
used. It thus produces a .steadier load on the pumps than would other¬ 
wise be possible. It steadies the pressure, redudng shocks and suddar 
impulses which would damage the machinery and the pipe lines. It 
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acts as a regulating valve, making the pressure absolutely uniform while 
any pressure exists. 

The aecuraulatnr ccmsists essentially of a vertical sheet-iron cylinder, 
filled with hammer scale or other cheap, heavy material, superimpo.sed 
upon a ram, to which it is firmly attached. A stout framework guides 
the apparatus in its upward and downward movement. The ram 
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travels vertically m an hydraulic cylinder, firmly supported on solid 
foundations. As working fluid is admitted to this cylinder, the ram 
and weighted superstructure rise to the height permitted, thus storing 
the fluid in quantities corresponding with the ram displacement. Some¬ 
times, instead of by a hollow Cylmder filled with scrap material, the 
necessary weight is provided by heavy disk-shaped castings which fit 
over the ram. The pipe connections tp the accumulator cylinder are 
always open when the mill is in operation, but valves should be pro¬ 
vided on these connections to permit of their being cut out for repairs, 
whenever more than one accumulator is used on a single-pressure sys¬ 
tem. An automatic by-pass valve is provided, which cuts off the accu¬ 
mulator from the system of supply piping whenever the former reaches 
its highest permissible position, and shunts the oil horn the pump 
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back to the supply tank. When the accumulator falls, by reason of the 
drawing off of fluid to the presses, to a predetermined lower point, the 
supply line from tlie pump is again opened and the by-pass to the sup¬ 
ply tank automatically cut off. Besides tliis by-pass and relief valve, 
an ordinary safety valve is provided. Tliis is set at a pressure slightly 
higher than that fixed upon the sy.stem by the weight of the accumulator. 
In case of a failure of the by-pass valve to operate, the safely valve then 
prevents breakdown due to the uncontrolled pressure which might lie 
imposed by the pumps U])on the weighted cylinder and the hou.sing 
which supjxirts it. 

Compre.sscd-air accumulators, now seldom seen, utilize the compres¬ 
sion of air in a clostsl cylinder to give storage of hydraulic energy, in¬ 
stead of the dead weight of a mass of metal. TTie air is compressed by 
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causing die working fluid to flow into this cylinder, which is immovable. 
The principle of operation is precisely the same as that of the “dead¬ 
weight ” accumulator. 

Hie size of ram and the weight of the accumulator determine the 
constant pressure upon the hydraulic systeia Thus, for 4000 pounds 
pressure per square inch, a 20-ton accumulator would have a ram area 
of 2000 X 20 -e 4000 = 10 square inches, or a diameter of 8.57 inches. 
If the ram diameter, for an accumulator of this weight, were 10 inches, 
its area would be 78.5 square inches, and the pressure per square indt 
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which it would produce would be 2000 X 20 -4- 78.5 = 510 pounds. 
Where pumps are steam-driven, the ratios of steam and hydraulic cylin¬ 
ders mu.st always lie so adjusted to the respective pressures that the 
.steam end will be capable of exerting some exce.ss in total pressure over 
that against which it operates. For example, if the hydraulic pressure 
is 4000 pounds jx-r square inch, the .steam pressure 100 pounds, and the 
hydraulic cylinder has a diameter of 1 .J inches, giving an area of 1.77 


scpiare inches, the area of the .steam cylinder must lie at least-X 

1(H) 


1.77 - 70.8 .square inches, or its diameter must exceed 9.J inches, else 
it will absolutely fail to operate. In practice, the diameter would have 
to lie greater than this to cover lo.s.scs due to slip and leakage and an 


occasional reduction of steam pressure. 

Fig. 20 represents a pair of high and low pressure accumulators of 
the “dead-weight” type, complete with base plates an<l housings, and 

with the regulating and 
operative equipment .shown 
in detail. When a .steam 
hydraulic pump is used,' 
with a chronometer or bal¬ 
anced valve, as already de¬ 
scribed, this valve docs not 
throttle or choke the .supply 
of steam to the pump, but 
by reason of I)eing Waiieed, 
completely opens or closes 
immediately when the accu¬ 
mulator has reached the 
desired point on either up 
or down .stroke. 

When the accumulators 
are in use and working 
properly, the weight talks 
are constantly in flotation; 
Fio. 49. - Hydhauuc AccemuAToas. whenever a weight 



tank settles upon its bumper blocks, such action should be taken as 
positive indication of a leak somewhere, and this leak should be bcated 
and stopped at once. By piping the outlets from all relief valves separ 
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rately to the pump tank, leakages may the more readily be detected 
and toeatcd. In this feature of leakage indication lies one valuable 
point of advantage ftir the accumulator system. 

By adoption of the “inverted eon-struetion,^' with plungers stationary, 
the weight of the heavy eylinders them.sclves l)ecomes useful as ludlast. 
The remainder of the necessary weight is made up by loading the ballast 
tanks with a eheap and n>rapa-t filling. Tlie low-pressure and high- 
pressure aecumulators are absolutely indeiicndent of each otlier in 
operation. Each has its own controlling niechani.sm, and is complete 
in itself. 

In the Buckeye system, the rams or plungers are hollow, and through 
them the working fluid reaches tlic accumulators. The low-pre.ssure 
cylinder illustrateil is of east iron; the high-pressure is of str'cl tubing 
encased in a jacket of east iron. They are h-sted respectively to 
pressures of 600 aial .50(M) pounds per .square inch. Tliree regular 
sizes are built, 0-ton, 19-ton, and !i0-tc:n. llie 20-ton set is com¬ 
monly used, the 12-ton Iwing cmphryial for small mills. Few mills 
use mure than one set of accumulators, probably not over two or 
Ihree mills in the country having two or more sets. Of neceasity, 
therefore, tlie hydraulic systems arc non-separable into groups corres- 
|s>nding witli the press grouping. The leading dimensions of the 
double si‘ts of aecumulators c'f the nominal capacities given are as 
follows: 


Sijse. 

Six-'Foii. 

I'welve-Ton. 

TVrenty- 

Ton. 

n (Breadtli 

Boor.pace ^DepO... . 

nr • La i Machine only 
Ballast.. 

Total 

8 ft. 8 in. 

3 ft. 8 in. 

9 ft. ein. 

10.100 IIm. 

19.100 lbs. 
ii». 

lift. Oin. 
Aft 10 in. 
lift Sin. 
13,600 lbs. 
42,200 tbs. 
3330011m. 

IS ft. 3 in. 
3ft loin. 
13ft. Sin. 

22.100 lbs. 
67,00011)6. 

80.100 lbs. 


Aset of the twenty-ton accumulators, complete, costs upward of* 
$2500. Fig. 29a shows the control-valve piping connections. 

The most vital feature of two-pressure hydraulic operation is the 
automatic change cock. The two pressures, automatically controlled, 
give initial rapidity and final intensity of pressure application. Both 
pre.ssures are under perfect control, the lower one first raising the ram 
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at any speed for which the apparatus may ))c .set, and the high pressure 
coming automatically and gradually into play fur the completion of the 
stroke. Tlie full high pressure is finally exerted upon the ram only 
after the press has reached very nearly its upward limit of travel. After 
chaiging the press, the pressman simjJy n‘ver.se.s tlie operating valves, 
clo.siiig the outlet and oja-ning the inlet. He then pays no further atten¬ 
tion to the press until it is time to let it down at tiie rlo.se of the pres.sing 




interval. The result of this gradual change in pressure is a reduced 
consumption of press cloth, maximum output, maximum yield of oil, 
and reduced consumption of hydraulic power. 'ITie old type of ‘‘chaise 
hlock,” (SinsLsting of a nest of valves controlling each one of a group of 
presses, left fexi much at the mercy of tiie pressman. For a group of 
six presses, there were eighteen valves in a single block, comprising the 
high-pressure, low-pressure, and discharge valves for each press. Tliey 
were necessarily inconveniently located'with respect to some of the 
presses. It was easy to make a mutake, opening or closing the wrong 
valve; still easier to forget, leaving two valves open which should never 
be open together, or anticipating or delaying the change from bw to 
h%h pressure, with consequent detrimental effects of one' kind or 
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another. Operation was practically never correct with this system, and 
it is rightfully now generally abmidoned. 

Fig. 31 shows the automatic change valve made by the Prendi Oil Mill 
Machinery Gimpany. This sends the press up very quickly to the point 
where the oil first leaves the meal, at a pressure of about *30 pounds per 
square inch on the ram. The speed of the press is then instmitaneously 
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checked to l)elow two inche!i per minute fur the remaining distance, and 
the high^ressure fluid is not admitted until the low-pressure has reached 
the limit of its usefulness, at from 4£0 to 700 pounds intensity. The 
throttling of the low pre.ssure after reaching 850 pounds checks the 
creeping or spreading of the cake, which is responsible for increased 
cost of pre.HS cloth and decrca-sed yields of oil. The .steady increase of 
pressure lilrerates the oil slowly at the start, permitting the relatively 
soft cake to set without straining the press cloth; and the final high- 
pressure application Ls reached about as soon as with hand regulation. 
The high pressure is controlled by a self-closing choker. The checking 
of the application of low pressure may he adjusted to take place at 
any desired point. The high-pressure choker is provided with a flush¬ 
ing csmiieetion for instantaneously clearing it out when it liccomes 
clogged, without interfereme with the press action. After flu.shing, the 
valve is in,stantaneou.sly and automatically returned to its former psi- 
tion. High and low' prcs.surc cut-offs, checks, and unions form parts 
of the valve, lire valves arc tested to 5000 pounds pressure. 

Referring to the details of Fig. 81, the low-pressure admission is at 
A, the high-pres.surc at B. 'ITrc dLschaige plug 11 controls the rtrove- 
ment of the fluid to the press or from the press to the return line. 8 is 
a cheek valve clo.sing off the low-pressure system from the press when 
the pressure in the latter exceeds tliat in the former. 5 is the auto¬ 
matic change valve proper, involving a cher-k valve also, which is held 
upu ito seat hy the lever and weight until the low-pressure fluid, acting 
on the under side, opens the valve and admits the high-pressure. A 
shutH)tf plug is placed hr the low-pre.ssure automatic speed emulator, 
so that the pressure may he entirely cut off. 'Fhe plungi'r H is held 
from its seat by the small lever 31 and weight, allowing, ordinarily, a 
free passage rf fluid through the valve. When the press pressure 
reaches a predetermined pint, the pressure on the uppr surface of the 
plunger H forces it upn its seat and cuts off all fluid excepting such as 
can flow through the small groove. Uie top of the plunger forms a 
dashpt, which en.sures smooth working. 

The high-pressure choker also has a shut-off plug. The stem L 
is constantly held against its seat by the fluid pressure. This allows 
the high-pressure fluid to flow throrigh the groove only. Should 
this groove become clogged, the projecting end of the stem is pressed 
down by inserting the small lever under N, when the obstruction is 
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'ashed paid: the seat. The stem immediately returns to its seat when 
le lever is withdrawn. 

The higher the intensity of pressure in the low-pressure system, the 
iter the high pressure may l)e admitted. This change in the point of 
igh-pressure admission is obtained hy moving the larger weight on 
le lever. The regulation of the low pressure is effected by moving 
le weight on lever 31. 

Interesting information is presented hy the curves of Fig. 3*. 'Jhese 
urves are stated to be based upon the results of actual measurement. 
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They show the ram movements, in inehes, during successive intervals 
after the application of the pressure, for different control valves, curve 3 
representing the ac-tion of the French automatic valve. Curve 4 is 
tn>m the same type of valve as curve *, but evidences defective opera¬ 
tion, due to the pressman’s having left the high-pressure choker wide 
open to avoid clogging. Curve 6 is from a non-automatic valve with no 
low-pressure choker and mi extremely small choker on tiie high pres¬ 
sure. Curves 1 to 3 may lie considered as typical valves well operated. 
From the five curves the table on following page is drawn. 
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Number of 
Curve. 

Speed per 
Miuute up 
to the Rf^- 
niitf; of me 
Flow of Oil. 

^eed after 
Oil begins 
to flow. 

ToUl Travel 
of the Ram 
while under 
High l^rea- 
sure. 

Tlieoretipal 
Horaepower 
used in 
Pressing. 

1 

6 ill. 

0 in. 

4 in. 

60 

i 

24 in. 

4iin. 

in. 

1 14 

n 

22 in. 

11 in. 

2$ in. 

6H 

4 

S8in. 

S8 in. 

7} in. 

2 52 

r» 

i^in. 

17 in. 

7fin. 

1 91 


The last column of this table is cale\ilatc<i on the assumption that the 
pressures used are 500 and 4000 pounds ]kt .square inch, the rams 
l)einf; 16 inches in diameter. TTnis, for curve 1, the ram diameter being 
16 inches, its area is SOI square inches, and the total low pres.siire is 
SOI X 500 = 100,500 pounds, or the total high pressure is SOI X 4000 
- 804,(KK) pounds. The low pre.s.sure is applied for S.7 minutes fup 
to point B), during which the ram ri.ses 15.S inches. Tlie ]x>wer 
absorl)ed in this amount of ram travel is KM),500 X 15.S inch-poimds, 
or lS7,tKM) foot-pounds. This amount of power Iwing applied in S.7 
minutes, the power per minute is 187,000 + 3.7 = 47,000 foot-poimds, 
or 1.43 horsepower. The high pressure is applh-d for 9.3 minutes, and 
produces a movement of 4 inches, alxsorbing 804,(K)0 X 4 — 3,S16,(KM) 
inch-pounds or 868,000 fuot-pound.s, or 38,900 foot-pounds per minute, 
or .877 horsepower. The total horsepower used during the stroke of 
the press is j(1.43 X 3.7) -I- (.877 X 9.3)} + IS.O = 1.00, and if the 
average interval lx4wcen pressings was SO minutes, the average power 

13 

consumption continuously was theoretically — X 1.00 = .60 horse¬ 
power. Curve 3 is that which gives the lowest consumption of power. 
Curves 4 and 5 are particularly bad, the rapid application of the pres¬ 
sure resulting in reducetl yield due to spreading of cake, and enormous 
waste of press cloth. 

The parts of the Buckeye automatic change cock are shown in Fig. S3. 
Each press has one of diese cocks and is controlled independently 
of the other presses. Supply pipes from the low-pressure and high- 
pressure accumulators are brought to the under side of the cocks, a 
short distance beneath which are inserted the chokers, one to each pipe.t* 
These chokers regulate the speed of the press by throttling the flow of 
fluid. After passing the choker, the change cock, and the entrance to 
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the nun cylinder, the fluid is subjected only to such pressure as is 
caused by the resistance to the upward travel of the ram. Tlie high- 


pressure fluid is held back 
by an upper valve, pressed 
to its scut by a weighted 
lever. The application of the 
low-pres.sure fluid continues 
until the resi-stance of the ram 
causes the pressure to rise to 
such a point as to lift the 
weighted valve and allow 
entrance of the high-pressun’ 



fluid. The latter then comes 33.—Aotomatk! Coanuk Cock asd Chokeib, 

into play, its application Iwing 

rendered gradual by the action of the choker on the high-pressure 


pipe. 

Immediately upon opening the weighted valve, the high-preasure oil 
closes the low-pressure choker elteek valve and throws the low-pres¬ 
sure system entirely out of connection with the press. When the 
preas is let down by closing the inlet valve and opening the outlet valve, 
the press-ure is relieved from the weighted valve, and the latter returns 
to its seat. Thus the liigh-pressiire system is .shut off and held back 
until required for the next prc.s.sing. The body eastings of this 
valve are of phosphor-bronze, with valves and seats of crucible steel. 
A guard screw is placed alrove the choker disks, as shown in Fig. 83, 
protecting the aperture therein from obstmetion by foreign material 
in the fluid, and providing for the removal of such obstruction by 
forcing it to and through the opening. 'The outlet valve, the weighted 
top valve of the change cock, and the check valve of the low-pressure 
choker must be kept aKsolutely tight it good results are to be secured. 
He outlet valve is more likely to leak than any other part of the 
hydraulic system. This is made large in order that the presses may 
descend quickly, and should l)e closed very tight when the pressure is 
to be applied; otherwise the forcing of minute particles of oil through 
at high velocities will inevitably cut the seat. Fig. 84 gives views of 
the det^ of piping at the change coek. 

Various auxiliary equipment used in coimection with the hydraulic 
system may be briefly mentioned, including the hydraulic pressure 
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Nason Manufacturing Clompany of New York makes a good grade 
of forged-steel hydraulic fittings for the smaller sizes of pipe. 

Much trouble is frequently experieneed with the pipe lines in put¬ 
ting into service any new hydraulic installation. The pipe should lie 
double extra .strong, with forged or cast-steel fittings of heaviest weight, 
mid all stops and checks should be the product of manufacturers who 
make a specialty of this class of work. Only lap-wclded or seamless 
drann pipe should be used. The smaller fittings and flanges should 
be forged steel. Flanged joints should be made by screwing the pipe 
through the flange in a machine and refacing pipe and flange together 
in the lathe. The flanges should be tongued and grooved, the width 
of the groove not exceeding one-h(df indl. A leather or fiber gasket 
may lie used, but a ground joint is best. Outside of the tongue or 
groove, as well as inside, the flanges should not meet, a distance of 
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imposed by the bolts will be applied at the tongued and grooved joint. 
The flanges must be back-faced or spot-faced. 

There will always be more or less grit, dirt, pipe scale, and chips 
from threads in the pipe lines, and fliese must be gradually strained 
out and completely eliminated before such difficulties as the cutting of 
valve seats, resulting ftom these causes, can be completely overcome. 
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THE TREATMENT OF THE OU. FROM 'FHE PRESS TO THE CONSUMER. 

KecoMlty for elmifying the oO.—Methods ot darifying.—Tiuughs.-^-Arraneemont of 
receivji^ tanks.—Influence of temperature.—^pedat forms of reod^^ tanks and 
troughH. • -The filter press.-Operatioa rtf filtering.—A complete filtering plant.— 
The fil^ eiutlui.—Advantages ol slow filtration.—Pumps and pump control.— 
Capacity of filter prusses.-Foots.—Storage ot Tanks.—loping.—FilUiig>R)om 

amngeinent.—Automatic barrel fillers.—filling-room details.—Methods of ship¬ 
ping oil.—rank wagons.—The barrel.—Commercial conditions.—Cost of barrel¬ 
ing oil.—Tank stations.—Size of barrel, shape of tiairel.—Empty barrel storage.— 
Fieparatlon td second-hand hairels.—Shunting.—Stenciling.—Differences in tare 
w«^ht.—Effect of heat on cooperage.—Dnims.—lbe oil-tank car.—lts wlvan- 
tages.—Importance of raw oil as tiie cnislm’s principal product. 

The warm aml)er-<»lored fluid flowing from the backa of the presses 
is not yet the raw * linseed oil ot commerce. To some slight extent 
this crude unfiltered material is used, principally for manufacturing 
soap; but in general the oil must be clarified by cooling, filtration, and, 
settling before it is ready for the market. These are operations whieli 
involve essentially the lapse of a considerable period of time. In 
the early history of Uie industry we find evidences that clarifying was 
performed as the result solely of undisturbed settling in tanks, without 
the introduction of any mechanical agents whatever; but this process 
has been found to Ire too slow. This is rather unfortunate, since it 
is the nature of linseed oil to continue to deposit sediment almost 
indefinitely, and long-continued tank storage will remove a consider¬ 
able quantity of particles even after the most improved filtering 
machinery has been used. 

Modem practice consists in slowly circulating the oil through 
troughs from the presses to receiving tanks by gravity. From the 
latter it is pumped to weighing tanks set upon platform scales, from 
which it flows by gravity or under pressure to temporary storage in 

1 Ltnseed oil is never described ss "crude.*’ Tie nw oil is for msny purposes a 
superior oil to uny of the refined products. Neither is there any such trade designation as 
"off." If the oil is not absolutely pure, it is not linseed oil. 
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the filtering department. From this temporarjr storage the oil is forced, 
as qiay be convenioit, through the filter presses and into inside or 
outside storage tanks, from which it is drawn as required for ship- 
mmt Besides more or less meiQ in suspension, the oil contains, as 
it flows from fire press, sediment-forming material m solution. Both 
classes of material must be removed as thoroughljr as possible. 

The troughs behind the presses, usually of wood, sometimes lined 
with tin, always with open tops or with covers readily removable, should 
Ire of sueh cross section that the velocity of flow of the oil at its maxi¬ 
mum volume shall not exceed six inches per second. The troughs should 
be as long as possible, in order to ^ve ample time for the deposit of 
the heaviest sediment; and in order to give this neces.sary length the 
troughs are usually doubled back and forth behind the presses, so that 
the oil travels a dutance equal to from two to six times the length of 
the row of presses. SiTcens or perforated iron plates may be inserted 
at various points, or baffle boards of one form or another, the mesh of 
the screens decreasing as the distance from the press bereases; but 
tliese devices must lie so constructed and installed as to be readily 
removable, leaving a smooth interior surface for the troughs, m order 
to facilitate scraping out the deporited material about once each week. 
A shallow, wide trough section is best, as giving the most surface for 
the deposit of sediment m proportion to the volume of flow. For 
cleaning the troughs, a wood or smooth-edged iron scoop should l)e 
u.sed, having a large number of perforations, through whidi oil may 
dram back bto the trough while the “foots,” or settled materials, are 
being shoveled out. 

The receiving tanks should be subdivided, one being provided, if 
possible, for each group of presses, and each havbg a capacity sufficient 
to contain all the oil produced by sueh group during a twelve-hour 
shift; or say for six presses a capacity of 1500 gallons. This per¬ 
mits of measuring the oil production from each set of presses 
separately. 

Fig. 38a .shows the automatic oil scales commonly used m English 
mills. The oil is piped to the hopper. When the exact quantity to 
be measured has entered the scales, the flow is cut oS and the basb 
tipped. Each discharge of the basin is recorded on the mdicator. 
No attrition is required to operate the scale. The machme is appli¬ 
cable to the shipping of oil, but the contamers must be placed and 



removed by an attaidant. It is made to dischai;ge from iSt to 2*4 
pounds per operation, giving a capacity of from 1000 to 8500 pounds 
per hour. 

Sometimes this advantage is foregone and the tanka arranged in 
series to facilitate settling. A long trough subdivided into several 
compartments is built above a scries of tanks. Oil flows from the 
presses to the first compartment, and then runs around baffle hoards 
successively through the compartments, finally falling through a pijH' 
to the Imttom of the first tank. An overflow outlet is provided near 
the top of this twik, connecting by means of a pipe with the liottom 



Fig. 36d. — Automatic Scaleh tor On.. 
(Rose, Downs & Thompson, I4d.) 


of the second tank, which is similarly piped to the third tank, and so 
on. Tlic oil gradually rises in the various tanks in succession, and at 
each .successive overflow the cleaner portion of the oil, only, is carried 
over, hfost of the sediment will be deposited in the first two or three 
tanks, the warmth of the oil at this stage of its history assi.sting in its 
rapid, if incomplete, settlement This is a good arrangement, but 
expensive. Its advantages may be combined with those of individual 
receiving tanks by retaining the latter and having one battery of 
settling tanks, as described, supplied by one main compartment 
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trough receiving the oil from all of the receiving tanks. The tem¬ 
perature of the oil during the settling process will in this case be 
lower, and it would probably be better to remove the entire settling 
equipment from the press room to the filtering department. Hie 
lower temperature of the oil thus experienced is an apparent rather 
than a real disadvantage. Warm oil deposits readily such foots as it 
apparently eontains; but upon cooling, the oil again becomes cloudy, 
due to the precipitation of impurities formerly in solution. Warm 
filtration of sedimentation removes suspended matter, while cold 
storage precipitates and facilitates the removal of dissolved matter. 
Oil is apparently much more quickly clarified if treated while warm; 
but this clearness is delusive, and thorough filtration is possible only 
with cold oil. The temptation is always toward increased speed and 
too high a temperature during settlement and filtration. 

One crusher has suggested the use of receiving tanks, located 
immediately Irehind the presses, having the shape of inverted cones, 
from the apex of which the foots may be drawn off in concentrated 
form at regular intervals, the comparatively clear oil flowing from the 
top. This arangement is, of course, of Unefit in removing only some of 
the su.spendrd matter. A more elaborate device for accomplishing tlie 
same rr.sult, which also serves to drive off .some of the moisture from the 
oil, thus rendering it more immediately suitable for ts;rtain refining pro¬ 
cesses, is that of a steam-jacketed U-.shaped dieet-iron trough, having 
vertical baffles over and under which the current of oil passes. The heat 
and the flow of liquid agitate the suspended matter which is deposited 
against the lower baffles. 

Linseed oil fresh from the presses is edible. While it does not 
spoil or become rancid with age, like various other expressed oils, it 
does Ijccome decidedly less palatable. 

The effective device for actual filtration, when worked with cold oil, 
is the filter press, introduced in approximately its present form about 
1860. This consists of a number of recessed plates, which in opera¬ 
tion are clamped together so as to form a chamber between each two 
plates. In each plate a raised boss is provided, in nfflieh an opening 
is drilled. The faces of these bos^ and of the edges of the plates are 
machined off square. When the boss and hole are in the center of the 
plate, as is customary, the hoQow chambers between the plates are 
obviously annular in form. A number of canvas bags of the same 
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size as the plates aie made, each bag being stitched all around, but 
having a ring-reenforced hole in each side, corresponding in location 
to that of the hole in the boss on the plates. The doth is placed 
between the plates, with its holes secured in proper position by means 
of flanges of suitable thickness, after which the plates are clamped 
together. The compartments lietween the plates are consequently 
now lined with canvas, while the holes through the bosses form a con¬ 
tinuous tul)e running through all of the plates, having open commu¬ 
nication with the interior of the canvas bags. Oil is pumpe<l into this 
tulie, and inamtained under pressure, gradually percolating through 
the Iwigs and flowing down channeled grooves on the surface of the 
plates to a draw-off connectfen at the bottom of each chamlaT. The 
pre.ssure docs not injure the canvas bags, Iwaiise these have a .solid 
backing of cast iron. Steadiness of pressure is secured by using a 
regulating valve on the steam pipe to the pump, arranged so tliat 
any differential increase in pressure cuts off the supply of steam, while 
a decrea.se in pressure admits steam. Sometimes the canvas bags are 
nuide of double thickness. In any ease, the foots are deposited upon 
tlie inner .side of the bags, and after a reasonable length of time, when 
the oil has ceased to flow freely, the plates are undamped, the bags 
removed, and the foots scraped off by wooden paddles. The bags 
are then washed and dried and are ready for a further period of 
service. Washing is expedited by a lilwral use of soda ash or naphtha. 
The filtering material, loosely called canvas, is cotton duck, of width 
suitable for stitching into bags without waste, and of weight and weave 
controlled largely by considerations of individual preference. It must 
be suifieiently strong to withstand the pressure at the joints of the 
plates, and must be closely woven. Paper, usually employed for the 
filtration of refined oil, is sometimes used for raw oil. This gives an 
unusually clear and brilliant product 
The oil contained in the foots which are deposited on the filter 
cloths may l)e partially removed, before dismantling the press, by 
turning on high-pressure steam for a few moments. Double gutters 
are ased under the drain pipes, in some cases, to keep the press wash¬ 
ings separate from the clear filtered oil.' In case of breakage of the 
cloth while the filtering is going on, the-drain from the compartment 
in question should be immediately turned off into the gutter used for 
press washings. For facilitating the delivery of the discharged oil to 
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either of the gutters at will, the switeh cock shown in Fig. 39 is used. 
As the deposit of foots is from the bottom of the bags upward, the 
bosses through which the supply pipe is run ate frequoitly located at 



the tops of the plates. This increases the capacity between cleanings. 
'The capacity of the press may also be increased by increasing the 
distance between the plates by means of flanges or "frames,” as shown 



Fio. ST. — SquABK PuTE Filteb Fat». 

in Fig. 40. 'When these are employed, die filter cbth is cut into angle 
sheets, one placed on each side of the "frame,” instead of being made 
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into bugs. Fig. 37 represents a modern filter press, Fig. 88 one of 
the plates, having the bossed opening at the upper left-hand comer. 

Fig. 37a shows some standard types of plates and frames. Fig. 38 
shows the Sperry filter plate, having the opening at the upper left- 
hand comer and the switch cock at the lower right-hand comer. 
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Fig. 38. — Fuiteb Press Pnsm 


Wood plates are sometimes used for filter presses. The best plate is 
one made of metal, machined to template and interchangeable with 
others of the same size. 

Fig. 41 shows a complete press-filtering plant. The large tank at 
the left, on the floor below the filter press, receives oil from the press 
room. From this tank oil flows by gravity to the pump, which delivers 
it to the filter press. A relief or safety valve is attached to this dis- 







THE THEAITHENT OF THE OIL. 


96 


charge pipe to prevent excess of pres.sure. A small tee is also pro¬ 
vided to receive a steam pipe for blowing out the press. A gauge is 
usually insialled, and a small pipe line from the discharge, not shown 
in the illustration, runs to the regulating throttle valve on the steam 
supply to the pump. A check valve is placed on the pump dischaige, 
so that the pressure on the press will fall off gradually only, in case of 
accidental stoppage of the pump. The press drains to a double gutter, 
tlie wider gutter being for filtered oil, which is carried to the laige tank 



Fio. 41. — CoMPLKTr, Fii.tkbjno Fust. 


immwliately below the press. The other gutter, carrying preas wash¬ 
ings, drains tmck into the .supply oil tank at the left. The pipe F runs 
from the drip pan under the press back to the supply oil tank. When 
the accumulation of foots has progreased so far as to interrupt opera- 
tiou, the relief valve M opens, 'fhis may be piped bark, as shosm, 
to the supply oil tank. In good practice such an event will not ocrur, 
as the amount of filtered oil discharged will have tong smee been 
greatly reduced and the cloths consequently removed. The press is 
finally steamed out, the washings being returned to the supply oil tank, 
the nuts on the side screens loosened, and the clamps which hold up 
the nlates taken off. The plates are shoved hack, slidine on the side 
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Should the press be left out of use for several days, the cloths are 
likely to become dry, hard, and impervious to the passage of oil. To 
prevent this, the press should be filled with oil, the shut-offs on the 
drain pipes l)eing closed. Some old typ<‘s of filter presses have no 
shut-offs on the drain pipes, in which case oil may be slowly circulated 
through and back to the supply oil tank, or the cloths may be removed 
and washed free from oil, when they will not harden. I’aper, occa¬ 
sionally used as a filtering material in preparing refined oils, when 
coated with foots, is thrown away. Several thicknesses are used in 
each compartment, and the pressure mu-st be kept at a low point. 
Cotton duck filter cIotLs have a maximum life not exceeding six 
months, and an average life of probably only a small fraction of this 
time. Tlicy arc frequently subjwtcd to pressures up to 80 pounds or 
more, but 50 jiounds is a better limit, and the best results are obtained 
by filtering at a pressure not exceeding .80 po\mds, automatically reg¬ 
ulated. The old method of .setting the relief valve at high pressure, 
dispensing with the steam pump regulatmg valve, and gradually 
mt'Teasing the pressure of filtration, was not one adapted to give the 
clearest oil, and .should rightfully lie abandoned. Tlic cloths, after* 
removal from the press, arc steamed, washed, and bung up to dry. 
When .set in the press, the cloths should Iw carr-fully placed so as to 
form, sub,stantial1y, a pair of ga.skrts at the plate and iioss fare.s. It 
irregularly set, leakage and rapid destruction of the cloth are ai>t to 
ensue. The drain outlets should all be carefully watched during the 
operation of filtration, and any outlet discharging cloudy oil should 
immediately he cut off from the filtered oil gutter. 

With slow filtering, under moderate pressure not exceeding 80 pounds, 
and at low temperature not exceeding 70 degrees F., the oil from the 
filter press is suitable for immediate marketing. Such perfect filtra¬ 
tion is not commonly given, and many crushers depend upon a sub¬ 
sequent settling in the storage tanks. This has the disadvantage of 
resulting in the deposit of foots in the bottoms of tanks, from which 
they are much less readily removable 'than from the filter cloths. 
Besides this, the practice mentioned ties Up a conriderable amount of 
capita] in tanks and in stored oil; but the crusher usually stores oil 
mtyway, and the buyer usually has a prejucfice in favor of oil which 
has been stored in tanks for some length of time, and it pleases him to 
think that he is getting such oil. Probably it is necessary timt he 
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. diould receive tanked oil when, aa often occurs, the oil is Bltered while 
warm from the presses. 

Pumps for filter presses may be either steam or belt driven, auto¬ 
matic regulation being provided in the latter 'case by setting the relief 
valve ^own in Fig. 41 at the pressure desired. Much of the 
economy in jxrwer resulting from the use of the l)elt-drivm pump is 
thus lost, and more efficient control is provided by means of an 
“unloading valve,” which causes the pump to discharge back into the 
supply oil tank, and not against pressure, whenever the pressure dif¬ 
ferentially exceeds the prescribed limit. The capacity of flic pump 
should be ample, so that it may move smoothly at low .speed. It 
should be duplex, double-acting, if steam-driven, and of flie triplex 
type if belt-driven, in order that the discharge may be free from severe 
pulsations. For the same reason the valves should be kept in good 
condition. Outside end-packed plungers are better than pistons. 
The pump need not 1» brass-lined. 

The filter press plates may be citlier round or square and may range 
from 18 inches to 36 inches diameter or width. One 12-press mill 
•Operated, for its raw-oil product only, one 29-plate 82-inch press and 
one 34-plate .SO-inch press, l»th with square plates. A 42-preB8 mill 
making a large output of refined oils used five filter presses as follows: 

Two 60-plate, 32 inches square. 

Two ,60-plate, 30 inches square. 

One 36-plate, 30 mehes square. 

The capacity of the presses varies so widely with differences in the 
method of filtration that no general rule can be given. Most mills 
produce refined oils, which require exceptionally slow filtration, sub¬ 
sequent to the original clarifying of the raw oil, during the process of 
treatment. This involves filter-press capacity in excess of that neces¬ 
sary for the raw oil alone, smaller presses sometimes being used for 
the production of these special oils. 

Centrifugal machines for filtering have been proposed, but are not 
yet in use to any great extent. In the production of some grades of 
refined oil they have pven good results, and there is no reason why 
they should "not be applicable to all the requirements of the crusher, 
TTiey arc much less expensive than filter presses. 

lie foots resulting from settlemoit and filtration present one of 
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the serious and annoying problems in linseed crushing. They are 
found in the troughs carrying the oil from the presses, in the receiving 
tanks, m the weigh tanks, in the filter presses, and in all the storage 
tanks. From all of these places they must be periodically removed, 
as they accumulate in mormous quantities. The direct market for 
them is limited. Some demand exists for foots as .-m ingredient in the 
formation of putties. They have to some extent drymg qualities 
similar to those of linseed oil. Tliey have been used as ingredients in 
cheap paints for rough outside work, mainly for painting outside 
storage tanks by the linseed crushers them.selves. A form of slag 
roofing has Ixi’n prepared, consisting of 12 to IS parts of foots scraped 
from the filter cloths, S parts of red lead, and 80 to 83 parts of sand. 
'Fhe foots are first heated to a temjierature of about 200 degrees in an 
ordinary tar pot or its equivalent. The red Icarl is then addeil and 
thoroughly incorjmrated with the foots, after which the tempr'rature is 
run lip to 300 di-grces, and the sand added. 'ITie sand must lie 
thoroughly dry, — baked if necessary. The best results arc obtained 
by using foundry .sand, i.c., spent sand from an iron foundry. ITiis 
eemoit should not dry too quickly. If it shows a disposition to gek- 
bard in less titan 24 hours, the quantity of red lead should be reduced. 
'Fhe material is applied like tar or as]ihalt. 

Foots from the settling troughs liack of the presses contain from 
80 to 90 jier cent of oil, unless drained through perforated shovels, 
which reduces the percentage. Tank Iwttoms, as ordinarily cleaned 
out, contain 60 to 70 per cent of oil, filter-cloth scrapings rather le.ss.‘ 
'Fhe surplus, over and alxive what can be profitably marketed, must 
be worked up again through the mill. As taken from troughs or tanks, 
the foots should be stood in barrels. Within a day or two the oil will 
rise to the surface and may be baled off. TTie residual pasty brown 
mass is introduced into the heaters very gradually, going thence 
through the mill. A massed lump of foots in the heater will spoil the 
oil-yielding properties of the m^al to ten times the extent of its value, 
will damage the appearance mid quality of the cake, and will lie in 
general an unmitigated nuisance, Unle^ some of the foots, at least, 
are marketed, the mill is likely to become “choked up” with this 

^Thu refm to icraptnfis from cloths wliudi have been used in filtering raw oil. Cteth- 
scraped " boiled'oil foots,*’ or “ refinery foots,” are too heavily charged with other 
substances to be legitimately sold as finseed mi. 
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refrartory material, sinee passing it back through the heaters only 
partially disposes of it, the cake and oil both having a limited capacity 
only for its absorption. Modem methods of crushing, involving the 
heating of the seed, have greatly increased the production of foots, 
this being probably a direct result of the more ttiorough breaking up 
and separation of the oil cells in the seed. Foots are theis'fore a 
neces.sary evil, insejmrable from augmented yields of oil.' The com¬ 
mon clumsy method of di.sposing of them by dumping a bucketful at a 
time inb) the top of the heater, is dangerous, for the reasons alnve 
■stated, as well as licing co.stly in lalwr. The Iw-st method is to have a 
foots tank, communicating, by means of .scn>w conveyors, with the 
conveyor carrying ground seed from the rolls to the heaters. In this 
way the admixltire of foots may be {wrfwtly regulated, the tempering 
ran Ite adjusted to suit the {H'rccntage of foots worked, and the action 
of the conveyor thoroughly mixes foots and meal, preventing the for¬ 
mation of sticky balls of (snirmtrated foots. It would pniliably lie 
best in the long run if all of the foots, after having the oil floated off, 
(ould be sold, even at a loss; but crushers cannot .sc»‘ their way clear 
%) (k> this, and the esrstomer consequently often gets the foots in the 
forms of oil or cake. 

The filtered oil from the filter presses, if not required for immediate 
marketing, is pum])ed to the storage tanks. Tlie amount of oil 
storage necessary for a mill depends upon .speculative and (Om- 
inercial coasideratiou.s. Disregarding the question of co.st of tanks, 
the more storage the bcdtcT, .since it enables the crusher to continue in 
o]wration even when the oil market is unfavorable, or to shut down his 
mill when fuel or lal»r difficulties make such a course necessary, with¬ 
out risking the loss of his trade. Ten large crushers having an aggre¬ 
gate capacity of 35,000 bushek of seed daily have inside oil tank 
storage capacities aggregating 3,000,000 gallons, with outside storage 
capacities totaling 4,300,000 gallons. The total storage facQities would 
therefore take care of nearly 86 days’ output. This is probably not 
far from the average ratio, and is admittedly too low. Ample storage 
is most vital to profitable operation. The inside tankage in the above 
case averages rather higher in proportion to the total Uian is usually 

' Even a .small mill will accumulate from 6 to 8 barrels of foots per weric, exdusive 
of “ tank-bottmns.” A large mill may have 90 barrels or more to diqxne of in an 
equal period. 
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considered necessary. Crushers prefer to store their refined oils, and 
raw oil intended for immediate shipm^t, indoors and in warm rooms, 
thus keeping them clear and free from sediment, in which condition 
they may be expected to reach the consumer. If tlie oil were filtered 
cold, however, it would remain clear at any temperature not lower than 
that of filtration. 

Storage os an auxiliary method of clarifying oil invojves the pro¬ 
vision of ample settling .surface, i.e., low, large tanks, the supply of 
air, the exclusion of dust, the lowest poasihlc temperature, and occa¬ 
sionally an emptying of the contents of the tank to permit of the 
thorough removal of the foots. Riveted steel tanks arc universally 
used. 

Whenever oil flows into tanks there is a jmssihility of loss due to the 
overflowing of the tank from the carelessness of .some attendant. 
Overflow pipes to some central tank at low elevation and under (sm- 
stant observation would prevent .such losses: or the eombination of a 
float with a signal gong or an alarm whistle operated by steam or 
cumpre.ssed air, is an equal .safeguard, and should not lie omitted at 
important ]X)ints. Some similar device may Iw Hdvantageou.sly u.sed 
when loading tank ears. 

For siiipplng, the oil is (smducted from each .storage tank by means, 
usually, of underground pips, to the filling room. Each tank .should 
be provided with a gate valve or cock, immediately at its outlet, 
arranged with a lock, the key being kept by the foreman of tlie filling 
room or otlier re.sponsiblc employee. The only objection to running 
the pipes underground is that in time they may Iw expected to manifest 
di'fccts, when they arc comparatively inacwssiblc for repairs. Under¬ 
ground connections are frequently necessary, however, to permit of 
gravity flow, at all times, from storage tanks to filling room. The 
piping is of .standard-weight wrought iron, usually with screwed joints, 
standard-weight gate valves or cocks, and cast-iron fittings. These 
specifications may properly apply to ^1 of the oil piping about the 
mill. At the filling room, the pipes arc carried around the sides at an 
elevation of three feet or more, with frequent taps off for drawing out 
the oil These taps consist of a tee, looking upward, placed on the 
main, a diort nipple, an elbow looking out, and an end of pipe about 
five feet long, on which is set a quick-opening lever-handled gate valve. 
This end of pipe is free to swing about the nipple as on axis, per- 
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mitting of mme adjustment in its position to suit the locaUnn of the 
bung on the barrel, cask, or drum to be filled. It terminates in a 
reducing elbow, to which a .short nipple, sufliciently small to be 
inserted m a bungholc, is .screwesi. The swinging pipe should be of 
3-inch size, and the mains around the room and from the storage timka 
should be 3 or 4 inch. Entin-ly separate pipe lines .should be pro¬ 
vided for raw, ladled, and refined oil, from their respective storage 
tanks to the Imngholc. In no other way can the purity and color of 
the refined oil l)e maintained, unle.ss by the wasteful process of washing 
out the pipe lines with refined oil liefore drawing therefrom any quan¬ 
tity of such oil for shipment. When various grailes of oil come through 
a single pipe line, a gauge-glass is sometimes provided on a standpipe 
imme<liatrly in front of tlie filler, who thus has presented to him at all 
times a sample of the (dl which he is drawing. 

As the oil is run into the barrel, the filler, standing hy, taps the sides 
of the barrel with a wooden bung mall, judging by the sound how far 
up the oil has a.seeiided. When the level of the oil approaches the h>p 
of the barnd, the outlet valve from the pipe line is partly ebsed. Tlie 
filler then watches carefully until the oil level can just he seen through 
the biinghole. 'Ilie swinging pipe is sprung up and swung away, 
the bung a])plicd, and the barrel rolled to the .shipping .scales. Tliis 
opration of filling involves much care, and is expensive in labor. 
Automatic barrel fillers have been sueee.ssfully introduced. Tlicse are 
attached to the end of the swmging arm. and descend througli the 
bunghole into the luirrel. When the oil level reaches a point within 
about two inches of the top, it trips a delicately balanced rod which 
shuts off the supply of oil, indicating to the attendant that the flow 
has been stopped. With these devices one man can attend to the 
filling of several barrels at once. 

The barrels should lie on thdr sides on a special floor depressed 
below the walk-ways of the room, and oil tight. This floor should 
drain through gratings to tanks betow. The tanks wiD then catch 
any oil that may occasionally slop over. A dumping tank should be 
provided for receiving oil improperly packed or returned from cus¬ 
tomers. A pipe line, terminating in a hose, should be run out to the 
dock or track for filling tank cars. A similar pipe line should be 
provided for emptying tank cars shipped in to the mill. 

The scales in the filling room should be located between the fillers 
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and the outer door leading to the dock or track. Every precaution 
should be taken to cniiure their accuracy. They should lie of sufficient 
capiuity to weigh the heaviest jiackage which i.s likely to be shipped; 
the maximum, in the vicinity of New York, for in.stanee, Iwing the 
cask of SOU gallons, or almut 2.500 pounds gross weight lairger scales 
must Ik- providtsl in most cast-s for weighing oil reeeive^J from and 
shipped in tank cars. 

The final tanks from which oil is drawm for shipment, and in some 
cases all of tlie tanks at the mill, are providi-d with indicating devices 
showing what depth of oil they contain. Tliesc are composed of a 
hollow galvanirxsl-iron float, which must Ik- .-sjldcred with (K-rfw-tly 
tight s(-am.s, sus|x-nded in the oil and attached by a light chain or 
cable (aluminum sash tape is very good) passing upward and ov<-r a 
sheave. Tin- .sheave n-volves on an axis which is fimdy supiH)rt<sl at 
the upjK-r i-dgc of the tank. Tlic .suspending cord, after passing over 
this sheave, drops on the outside of tin- tank to a o)unterbalanc-e 
weight on whidi is mounted an indicating pointer. The )X)intcr movi-s 
up and down, as the level of oil rist-s and falls, along a graduatod scale 
permsmcntly affixed to the side of the tank and reading from alswe * 
downward. 'Hie materials forming this scale usually serve as sidc- 
guid(-s for the omntcrbalancc. Where the cord passes out through 
the top of the tank, a round-edged bashing should be used to prevent 
chafing. 

Oil may he shipped in cans, in barrels or half-barrels, in drums, 
casks, lank wagons or tank ears. Can shipments usually apply to 
spci-ial tolled or refined oils intended for export. The cans hold five 
or ten galtons each, and are the ordinary square tin can set in wooden 
cases of two or four. The openings are simply round holes cut in the 
top. A tin disk, somewhat larger than the hole, is soldered on after 
the can is filled, 'fhe opening of such packages involves damage to the 
cans, and a l)etter package is that having the ordinary screw-top opening 
in the top at one eomer. The filling o£ cans is a slow and expensive 
operation, hut ean shipments are so infrequoit in the linseed-oil trade 
that little has liecn done to cheapen them. Li shipping refined petro¬ 
leum products, elaborate automatic machinery is regularly employed 
for preparing, filling, and sealing the cans, largely used for export 
shipments. 

Tank wagons are used for distributing oil to the small city trade. 
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They save the complication of barrels to both crusher and consumer, 
and are a decided economy. 

The barrel is the .standard package for limseed oil. Prices quoted 
for oil involve delivery in barrels, unless otherwise .speciBed. New 
barrels, which cost from 20 to 40 rents more tlian the be.st quality of 
second-himd barrels, are not necessary, and in fact not suitable for 
linseed oil, and are practically never used. The Irest package is what 
is known as a “refined” barrel, i.e., one which has contamed refined 
petroleum, like kero.sene or naphtlia These barrels are large, strong, 
have been little used, and are clean. They command a price 10 to 15 
cents higher tlian that of “No. 1 Commons,” which may have tsm- 
tained lubricating and cylinder oils, etc. Tire classification No. 1 
Oimmoii, as used in the secsmd-hand Itarrel trade, at.so includes barrels 
which have contmned linseed oil. To the linseed crusher these last 
Irarrels are worth more than No. 1 Commons, lieing inferior to Refineds 
only in having l>cen oftener used. Barrels classed as Refined must be 
sound, i.e., no staves or heads may Ik* broken. No. 1 Commons may 
have a stated ])ereentagc of broken staves. Molasses barrels are some¬ 
times u.sed, but these are apt to have soft heads which will not resist 
the penetration of the oil. The same objection applies to the general 
run of whisky, wine, and .spirit barrels, which, moreover, are apt to 
nm small,— from 47 to 49 gallons’ capacity,— a very .serious objection. 
Tur]H‘ntiue barrels are classed as Befinerls. Lower grades than the 
No. 1 Common are sometimes used, such as tar and paint barrels, but 
they involve much additional expense fur cleMiing. 

Barrels are scarce and becoming scarcer. With the depletion of 
the forests, cooperage .stock is con.stantly advancing in price, with 
corresponding advance in the price of new barrels. Second-hand 
barrels have advanced with new stock. A few years ago, when barrels 
cost SW to 85 cents, and cooperage expense was from 10 to 12 cents 
per barrel, the established differentia of 2 cents per gallon for oil in 
barrels over the price of bulk oil was not unftur. At present the 
increased costs of empties and of almost every item entering mto die 
operations of cooperage make the price of a second-hand barrel, re¬ 
paired and ready for use, not far from $1.50, or say 3 cents per gallon.* 

* As early as 1904, the cost per giUton for packaf^ in barrels was found to be about 

cents. About one-haif cent ^ this rqiresented the cost of preparation of the emp^ 
barrel after its receipt 
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and the outer door leading to the dock or track. Every precaution 
should be taken to cniiure their accuracy. They should lie of sufficient 
capiuity to weigh the heaviest jiackage which i.s likely to be shipped; 
the maximum, in the vicinity of New York, for in.stanee, Iwing the 
cask of SOU gallons, or almut 2.500 pounds gross weight lairger scales 
must Ik- providtsl in most cast-s for weighing oil reeeive^J from and 
shipped in tank cars. 

The final tanks from which oil is drawm for shipment, and in some 
cases all of tlie tanks at the mill, are providi-d with indicating devices 
showing what depth of oil they contain. Tliesc are composed of a 
hollow galvanirxsl-iron float, which must Ik- .-sjldcred with (K-rfw-tly 
tight s(-am.s, sus|x-nded in the oil and attached by a light chain or 
cable (aluminum sash tape is very good) passing upward and ov<-r a 
sheave. Tin- .sheave n-volves on an axis which is fimdy supiH)rt<sl at 
the upjK-r i-dgc of the tank. Tlic .suspending cord, after passing over 
this sheave, drops on the outside of tin- tank to a o)unterbalanc-e 
weight on whidi is mounted an indicating pointer. The )X)intcr movi-s 
up and down, as the level of oil rist-s and falls, along a graduatod scale 
permsmcntly affixed to the side of the tank and reading from alswe * 
downward. 'Hie materials forming this scale usually serve as sidc- 
guid(-s for the omntcrbalancc. Where the cord passes out through 
the top of the tank, a round-edged bashing should be used to prevent 
chafing. 

Oil may he shipped in cans, in barrels or half-barrels, in drums, 
casks, lank wagons or tank ears. Can shipments usually apply to 
spci-ial tolled or refined oils intended for export. The cans hold five 
or ten galtons each, and are the ordinary square tin can set in wooden 
cases of two or four. The openings are simply round holes cut in the 
top. A tin disk, somewhat larger than the hole, is soldered on after 
the can is filled, 'fhe opening of such packages involves damage to the 
cans, and a l)etter package is that having the ordinary screw-top opening 
in the top at one eomer. The filling o£ cans is a slow and expensive 
operation, hut ean shipments are so infrequoit in the linseed-oil trade 
that little has liecn done to cheapen them. Li shipping refined petro¬ 
leum products, elaborate automatic machinery is regularly employed 
for preparing, filling, and sealing the cans, largely used for export 
shipments. 

Tank wagons are used for distributing oil to the small city trade. 
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$.0204 per gallon. A 47-gaIlon barrel at the same price would cost 
him $.0319 per gallon. He could afford to sell oil in the former l)arrel 
at one-quarter rent less per gallon. 

The shape of the Itarrel is also of some importance. While, theo¬ 
retically, a liarrel having a wide bulge, or relatively large difference in 
the eenter and end diameters, is .stronger on arsiount of the trussing 
effect of the arched staves, it is found in practice that a difference in 
diameter of alrout 3 inches is best. Such a barrel will retain its hoops 
liettcr and will pack closer in shipment. New barrels for oils are 
usually built with almut this amount of difference, less material being 
thus used in the staves than when the bulge is greater. 

The market price for empties fluctuates so rapidly, and the day-by¬ 
day consumption of barrels for shipment is so irregular, that it is 
essential for the crusher to keep a large stoek always on hand. Piles 
of ten thousand empty barrels adjacent to the cooperage department 
are sometimes seen. The barrels are given a rough inspection as 
received, to check the grade and percentage of breakage, and then 
stored on their sides in the open. Assuming them to be lud on 30- 
inch centers, and to occupy a apace laigthwise of SJ feet, each barrel 
requires a ground area, for the first tier, of X Sj = 8| square feet. 
One hundred barrels would require 875 square feet A second tier 
of ninety-nine barrels, a third of ninety-eight, and so on, could lie 
piled on top of this. Theoretically, therefore, a tremendous number 
of barrels could be piled on a comparatively small ground area; but 
in practice the pile is seldom over 12 to 15 tiers high. At 12 tiers, 
875 square feet of ground would accommodate over 1000 barrels; say, 
roughly, one square foot of space per barrel, which represents usual 
practice. 

From the pile the barrets are taken as required and stood over the 
steaming-trough. 'ITiis is a wooden box, open at the top, over whiA 
the barrels are laid with the bungholes downward. A steam pipe 
runs lengthwise of the box, having a number of vertical outlets whiA 
terminate in nipples entering the bungholes of the barrels. Exhaust 
steam may l>e, and Aould be, used, and a Aeap valve should be 
located on each discharge nipple. The steam cleans out the barrel, 
the drainage flowing out through the bunghole, around the steam-pipe 
nipple, and into the trough, which conducts it to the sewer. After 
steaming, the barrels ore passed to the cooper, who gives them a 



106 


LINSEED OIL 


thorough inspection and replaces any broken staves and broken or 
missing heads. New staves are provided from broken luirrels, trimmed 
to proper width, and inserted more readily in place by slightly loosen¬ 
ing the hoo]>s. Second-hand heads may be used, or new turned heads. 
If there are evidences of leakage l)etween staves, or at the ends of the 
staves where the joint is made with the head, strip of flagging (prefer- 
aldy fresh-water flagging) are inserted. Tlic barrels are washed with 
glue or size to make them more imprvious, if they have not Ixen pre¬ 
viously used for lin.s(s?d oil. The foreman gives them a final inspf- 
tion, espc-cially for cleanliness, by inserting an electric lamp through 
the bunghole, and passes them to the lamp driver, 'fhe hoops may 
be driven up either by hand or by an automatic driver. The hoops 
draw the staves tightly together and are clinched in p>sition by hisip 
fasteners. Defective or missing hoop are replaced by new ones, these 
laing riveted up to propr size from .strips of hoop iron of .suitable 
width and thickneas. The barrels are tlien pinted, one csdor on the 
Iwdy, another on the heads. The colors vary somewhat with the 
different crushers, blue and red for the bodies and white for tlie heads 
iM’ing most common. Ited is tlie cheapest color, green the most 
expnsive, of those commonly used. The pinting is very quickly 
done, the oprator holding a very wide bru.sh against the side of the 
barrel while he spms it around on the chine with one lumd. Auto¬ 
matic ptunting machines arc- not employed. A new bung is provided 
for each barrel in the filling room, but the esmpers are required to ream 
out the bungholes to one of three standard sizes. 

Barrel paints are obtainable in the forms of dry pwder or of paste. 
The dry pint is dissolved in rosin oil, in tlie proprtion, 18 punds 
pint, 5 gallons benzme, 20 punds rosin. Another formula Is, 10 
punds paint, 2 gallons rosin oil, the latter consisting of 8 gallons of 
iienzinc to 40 punds of rosin. This two-gallon solution sufficed to 
cover 26 barrels. Using paste pint, S3 barrels were coven-d with 10 
punds of paste dissolved in 1 j gallons of rosin oil of the 8 ; 40 strength, 
llie rosm gives luster to the pinted surface, but the pint does not 
dry well. A drying oil, like linseed, would, however, be too cxpnsive 
for use in piunting linsced-oil barrels. 

The barrels an* rolled to the filling room and weighed, empty, the 
tare weight being staieiled on the head. After filling, the gross weight 
is also stenciled, as well as necessary brand and shipping marks. 
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Usually one head is reserved for the name of the crusher and the brand, 
the other for the gross and tare weights and shipping mark. It is 
desirable to liavc separate scales for weighing the empty barrels. 

The best barrel that can be prepared will absorb more or less oil. 
Whether this loss should be home by crusher or consumer is a mooted 
question. Since it amounts to only to S.J pounds per barrel, usually, 
while the difference in scales is seldom less than this, differences in 
weight of less than onc-half gallon scarcely give ground ftir eomplaint 
on the part of the consumer. That the differences, if any exist, .should 
be rather in favor of the crusher on Imth gross and tare weights, is but 
natural. Many consumers overlook the fart that by improper drainage 
of liarrcls they may easily lo.se from one-fourth to one-half gallon of 
oil without any fault on the part <5f the crusher. Automatic registering 
certified scales for shipment would remove much of the cause for eom¬ 
plaint now found in the ease of barrel shipments. 

High temperatures warp the barrels and cause leakage. Cooperage 
for shipments to southern points should lie unusually sound. A ship¬ 
ment of oil should never lie left uncovered in the sun on a dock or 
vessel dwk. Care in handling is also neecasaiy if barrels are to be 
delivered to the eon.sumer in tight condition. 

A cost statement covering the o|H‘ration of one leading crushing mill 
for eight years prior to 1900 showed an average cost of cooperage, 
ineluduig every item of lalxir and materials from the receipt of the empty 
barrel to its delivery, painted, in the filling room, of 8 cents per barrel. 
The cost is at least double this at the present day, cv«i imder good 
conditions. Moreover, the lalior of filling, a considerable expense, 
should also be charged against cooperage. The cost of painting 
barrels alone is now from 3 to ii cents each, or say half the cost of press 
ekith per bushel of seed. The following table illustrates the lalmr 
elements entering into the cost of cooperage, 


ISOi-OS: Milt Number. 

1 

i 

3 

4 

Barrels shipped per month. ... 

.5600 

2400 

1100 

1400 

Number of coop^ employed. 

0 

2 

1 S 

2 

Number of fiUers employed. 

5 

2 

1 

1 

Barrels per rooper per month. 

m 

1200 

367 

TOO 

Barrels per filler per month . 

11S0 

1200 

1100 

1400 
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The wide differences m cooperage lal»r are due to the differences in 
the grades of barreb purchased. During the first four months of 
190S the average cost of liarreling oil m one mill, not including die 
labor of fillers, ranged from $.0210 to $.0208 per gallon. By the end 
of the year the cost in this particubr estalilidiment had reached an 
average of $.0279 per gallon. An effort was then made to keep a 
more accurate record than had heretofore been obtaimvi of the total 
excess coat of shipping oil in barreb, in order that the general business 
of erushing seed should not have to bear an expense for which 
increased revenue was obtained. Thb involved accurately balaneing 
the stock of empty barreb each month, totaling the shipments in 
barreb, and charging to the barrel expen.sc most of the filling-room 
laiior. The rr.sult, as stated, was to show that the established 2-ecnt 
differential was entirely too low. and to ju.stify lower prices for bulk oil. 

The increasing cost of barreb has led to some use of iron drums. 
The.se are high in first isisf, but durable and tight, and may lie more 
widely introduced. Seeond-hand fish-oil casks, ranging in capacity 
from ISO to 850 gallons, are sometimes used for short shipments to 
customers who arc equipped to handle them. These casks cost less 
and can lie coopered for less pr gallon than barreb, but on account 
of their great weight must t)e carefully handled. Half-barreb, always 
a nuisance, must occasionally be provided for. 

The oil-tank car, originally introduced for transporting petroleum 
products, is a great eeonomber. There is no loss by soakage, mid 
only one weighing to be made instead of one hundred or more, with 
reduced chance for error and controversy. Capacities range up to 
8400 gallons. The freight rates on bulk oil are the same as tho.se on 
oil in barrels, in car lots of 80 barreb; but the tmik car itself b trans¬ 
ported free of cost. As the average oil barrel weighs 80 pounds, or 21 
pr cent of the net weight of its contents of 50 gallons = 375 punds, 
the tank car effects a direct saving in freight of 21 pr cent. As the 
freight on oil frequently amounts to more than the entire cost for 
erushing the seed, the imprtance of this saving b evident. More¬ 
over, the tank car can be kept absolutely clean; there is practically no 
pssibiiity of leakage; and while the crusher knows pretty closely 
what freight rates will be, he ran scarcely know for a week ahead 
what the price of bartds will be. Probably the only argument posmbb 
against the use of oil-tank cars for shipment is that they constitute a 
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anvcnient form of storage for customers and tank stations, add are 
race apt to be frequently out of commission as a means of transpor- 
ation. 

Before loading, the car should be closely inspected. The dome cap 
nd valve cap should lie taken off, the interior cleaned by steam or hot 
rater, supplied through a steam hose, the tank drained thoroughly dry, 
,nd the valve cap screwed up absolutely tight. 

Scales and .scale tanks must be provided for weighing oil pumped to 
ank cars. A rough check on the contents of the car may be obtained 
>y measuring it. Extraordinarily careful weighing is profitable and 
ustifiable in the case of tank-car shipments. 

The oil reaching the consumer by some one of these various methods 
xinstitutes the largcT part of the crusher’s output. In one mill raw oil 
vas 65 per cent of the total production, rising the folbwing year to 
19 per c-ent. At another point raw oil was 8* per c-ent of the entire 
}utput, the other 18 per cent being loiled. Some mills produee no 
refined oils; one or two refine practically tlieir entire output, having 
thus a market which is more or less independent of trade fluctuations. 
White the mill producing no refined oils is working against an impartial 
market at all times, still the production of pure raw oil constitutes at 
least nine-tenths of the operation of linseed crushing with regard to 
expense, complication of operation, and revenue. 
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PREI’ARAITON OF THE CAKE TOR THE MARKET. 

DescriptioD of cukes.—^ni<wdvuRtagc.s of hand paokinf;.—^Automatic packer.—Gst of 
opcfutioa. -I'ypea of jaicker.—Sewing.—Bags.—Secoad-hand sugar bags,—Sisses of 
Iwgs.—CJeneral analysis.—f'ajauity c»f luigs.—Small domestic demand for cake.— 
(Iriialiiig.—Operation of grinders.—Description of machines.—A complete grind¬ 
ing plant.—Cost of grinding.—Other by-products than cake.—Analysis of cake.— 
Its value as manure. -Comjuirison with forrigu cakes.—Ihwiaihilitics for vast exjaiii- 
sion irf tlic linseed industry. —Market price of cake.—Its effect on the price of oil. - 
The rake trade through the port of New York.—Cost of freighting cake to Etmrirc. 
—Cake weight shortages.—Their cause.—Specifications for the class of cake desired 
by the foreign buyer. 

From each bushel of flaxseed there are derived from 36 to 38 
pounds of oil eake. It is eonvenienl to remember, therefore, that 56 
bushels of seed (weighing 56 pounils caeh) produce not far from 
one ton of cake. TTie cake is delivered from the trimmer in hard 
warm slabs about one foot wide, tliree feet long, and five-eighths of an 
inch thick, weighing from 10 to 15 
pounds each. These slabs, of a color 
varying from reddish brown to gray, 
are corrugated crosswise, as a result 
of the texture of the press mats. 
They arc now carried to the packer, 
unless this machine is mounted di¬ 
rectly at the discharge end of the 
trimmer, by means of trucks or of a 
link belt conveyor. Fig. 41a represents 
a convenient cake truck. 

Cake was formerly packed by hand, the bags being held up by one 
man while another placed the cakes in them, the last two or three 
rakes being driven in tightly hy means of a wooden mallet. This 
operation was wasteful of lalmr, broke the cakes, reduced the quantity 
that was conttuned in a bag, and resulted, in loose packages, frequently 
no 



Fra. 11a. — Cake Tkcck. 
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badly damaged during ocean transit. The automatic cake packer is 
now generally employed in all excepting the smallest mills. 

One type of automatic packer, as built by the French Oil Mil] 
Machinery Company, is shown in Fig. 42. This machine, which is 
stated to have a capacity of 9 tons per hour, occupies a floor space of 
16 feet 6 inches by 2 feet 6 inches, and weighs 1300 pounds. It is 
operated from the low-pressure hydraulic system of the mill, and con¬ 
sists of four parts — a horizontal cylinder with plunger, a table to 
receive the cake, an expanding bag holder composed of steel sheete, 
and a vertical hydraulic press fur forcing the last cakes into the bag. 



Pio. «. — Fbkncu Automatic Cake Packeb. 


It is operated by drawing a bag over the bag holder, after first placing 
one foot on the lever which raises the bottom plate and brings the aides 
together. Sufficient cake is piled on the recaving table to fill one 
bag, and a valve is opened, admitting the hydraulic fluid to the hori¬ 
zontal cylinder. The piston forces the cake into the bag holder and 
pushes the bag, with its cake, forward from the steel plates. The 
{Hston then returns to its original position and the operator up-ends 
the bag, driving two or three wedging cakes with the vertical press. 
With these machines from 8 to 14 per cent more cake is packed in 
each bag than is possible by hand packing, and about one-half Are 
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labor cost for packing is saved. Ikiskillrd labor may be used for their 
operation, broken pieces of cake can lie packed. Fig. 43 shows the 
direct-connected packer and trimmer as built by the French Company. 
This is a very compact and convenient arrangement, eliminating all 
handling of the unpacked cake after it reaches the trimmer. Unless 
the cake is to lie packed hot, it involves rehandling the cakes lietw'een 
the press and the trimmer, which is a disadvantage. A far more 
serious disadvantage ari.ses from the absorption of oil from the .soft 
edges by tile whole Ixidy of the cake, which always occurs when cakra 
are left to cool before trimming. Certain complications mvolved in 



Fio. W. — Fhench Combined I’kimmen and Packeb. 

packing hot cake will be discussed later. The writer has found it 
easy to pack, ivith two French packers, three hundred 360-pound bags 
in 10 hours, ngularly, day in and day out, using the labor of one man 
and two Iwys for each madine. This gave a capacity^ per machme, of 
2.36 long tuns per hour, and a labor cost, for packing, of $.0864 per 
ton. 

Ibe Buckeye hydraulic cake packer is a simple vertical hydraulic 
press, set on a low foundation so as to bring the top of the ram 
platen flush with the floor whm in its lowest position. Each sack, 
with as many cakes as can be conveniently inserted without difficulty, 
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is placed upon the platen, and the final wedging cakes are added 
one or two at a time and forced mto place by separate strokes 
of the press until the desired tightness is secured. Fdwer is derived 
from the low-pressure hydraulic system. The control is from a ver¬ 
tical hand lever placed at one of the posts, with the handle at a con¬ 
venient height. Forward movement of the lever closes the outlet and 
admits the pressure for an upwarsl stroke. Return of the lever to 
vertical position reverses the valve, cutting off the inlet and releasing 
the working fluid for return to the hydraulic supply tank. The packer 
occupies a floor space of 14 by 34 inches, the height alwvc the floor 
line being 6 feet 4 inches, and above the foundation 10 feet 4 inches. 
The weiglit is 1600 pound.s. 

When discharged from the packer, the bags of cake are sewed at the 
open end, common white bag twine being used, with imrlap needles. 
Careful sewing is advisable, as the foreign buyer prefers a .stout and 
good-looking package. Tlie bags tliemselves arc of burlap, either new 
or .seesmd-hand sugar luigs. New bags arc imported from India, the 
material coming m rolls, usually to New Orleans, where it is cut and 
hemmed to size. The import duty is subjed to drawback when the 
oil cake is e\)»rted, and each lot of alsmt .50 tons of cake has a suit¬ 
able entry for drawlau’k on the bags attested and submitted to tiie 
local custom house. The second-hand bags command no drawback. 
They mst alsmt 21 cents, each, less than the new bags at the gross 
price, less drawback, of the latter, and ismtain from 10 to 20 per cent 
less cake. They are tlie cheaper bag wherever locally obtainable and 
where adaptable to the size of cake made. They arc teehnieally 
de.scrit)ed as “ sersmd-hand blue-stripe bags.” and when used for linseed 
cake must be selected from tlie general run of liags, as mended bags 
are not suitable for cake. Small try-holes in the fabric, caused by the 
insertion of the inspector’s sampler, are not detrimental. These bags 
come into the country filled with raw sugar, and after lieing emptied, 
are cleaned, dried, and marketed by the bag companies. They may be 
known by a blue stripe, about 3 inches in width, which runs length¬ 
wise of the fabric in the middle, and consequently appears running 
vertically on two sides of the made-up bag. 

The size of the bag must be accurately determined from the aver¬ 
age size of cake made, if economy of material is to be obtained. ”1116 
width of the bag fabric being fixed, it must be cut in lengths equal to 
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the length of the eafce phis its width plus an altowancc for sewing. 
If this allowance lie 2 inches, then fur a aike L inches long and 
W inches wide the length of the bag = L ^ W+ i inches. The fabric 
is accordingly cut to this length, and folded over in the direetion of its 
width, i.e., a 60-inch width of fabric makes a bag 30 bches wide. 
'ITie liottom and open side are machine-sewed before the crusher 
receives the bags. The width of the bag of course determines the 
numlier of cakes it will contain. Thus, if t is the average thickness of 
the cake, w the number of cakes, the thickness of the bag, when packed, 
across tlic cakes, is irf. The width of the cake lieing W, the di.stancc 
around the bag, or twice the width plus twice the thickness, is 
2 (W + 111 ). This is equal to the width of the bag cloth, or twiiv the 
width of the made-up bag. If this last widtli lie 30 inches, then for a 
cuke tliicknessof five-eighths inch, ,30 = IF -b jn. If IF = 121 inches, 
H - 28: and if the cakes weigh 13 piunds emh, tlie bag should contain 
28 X 13 ^ 364 pounds of cake. Variation in the width of the laig 
varies tlie ciuantity of cake mntained in like projxirljon. 'ITins, at one 
mill, 2,3!>8 hags of proper width held 801,204 pounds of cake, while 
,5087 bags of .scant width (28 to ,30 inches) held 1,781,026 pounds, the 
amount of cake jmc’kcd in each bag being 370 pounds in the first case 
against 350 pounds in the second, nie dilfercno- of 20 pounds, or 
5.4 jaT cent, represented an absolute loss, as tlie two sires of bags csist 
exactly tlie same. If the bags tsi.st 10 cents each, net, this lo.ss is 
$.0054 jicr liag, or approximately $.0005 p*T bushel of seed crushed. 
Variations in length of bag are still more disadvantageous. If bags 
are loo short, tlie up|>er end will show a gap, crossed by .stitches, where 
the liag sew'er has made an attempt to cover it. If too long, material 
will lie wasted. The foreign buyer prefers a isimparatively light liag, 
— say 3(K) to 320 ]inunds, — and such bags stand transportation better 
than heavier ones, and many crushers use the smaller bags in prefer¬ 
ence to tlie mote economical large bags. Many mills, however, show 
a decided lack of mtelligent policy on the bag question. Thus, three 
large crushers worked as follows: 



Ske of liag. 

Sine of Cake. 

1 ... . 

81X51 in. 

ISfXSSiin. 

< .... 

31X50 in. 

IS X34 in. 

s. . 

«0X48iQ. 

U X82 in. 
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In the first instance, the bags gave a A-indi overlap for sewing, 
which was more ftan necessary. The overlap in the second case was 
3 inches, about correct. In the third case, where “blue-stripe” Imgs 
were used, the overlap was 4 inches. A few short bags, about 48 
inches long, were purcha,sed for mill 2. These failed to pve suf¬ 
ficient lap at the end for proper sewing. 

The second-hand sugar bags run from 28 to 29 inches wide, and 
arc usually not over 48 inches long. Hiey can be used, therefore, 
only by mills making a short or narrow cake. As large cakes are 
necessaiy for large output, it is not policy to figure on the use of sugar 
bags in any new plant. If the crusher wishes to pack in light bags, 
it is more profitable tor him to make a full-sized cake, packed fewer 
in number in a comparatively narrow new bag. In discussing bag 
widths, nothing has l)een said regarding the loss by side-stitching. 
This Ls offs('t 1)y the stretching of the material, when the bag is packed 
by an hydraulic cake packer. 

It is stated that only 20 per cent of the linseed cake produced in the 
Unitisl States is retained for home consumption, the lialance lieing 
exported, principally to Europe* and the West Indies, Practically the 
entire domestic demand is for ground eakc, or oil meal, and the pro¬ 
duction of meal is not general among iTu.shers. Most of the western 
mills do more or less grinding; several eastern mills do practically 
none. Grinding is expensive, and usually costs more than the pre¬ 
mium .secured for the meal over cake prices. This has led to a con¬ 
siderable amount of adulteration, principally, however, with flaxseed 
scrc*enings, which are comparatively hannkss and often not detected 
by analysis, while they increase the peicentage of oil in the meal, a 
desirable point from the standpoint of most stock feeders. In spite of 
its expense, many crushers equip their works for grinding, in order to 
be partially independent of the export cake market. Where a high 
cake freight must be paid, as is the case with all mills not on the 
Atlantic seaboard, the production of meal is relatively more profitable. 

Grinding is frequently performed in two operations, one consisting 
in breaking the cake, by impact, into small lumps, and the second 
involving the pulverizing of these lumps. A partial pulverizing of 
course takes place m the impact mill, and its product is usually 
screened before feeding to the pulverizer. The Buckeye cake breaker 
is eomposed of four knobbed tolls, which reduce the cake quite uni- 
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am*, « IM »«»« SMr.piir ^ wifaces only bk 
■* dtorten and ^waib myiag hm om^i other, and the 
ffeada at bott ifiiieriiig iimm Oat of the upper pair. The working 
faces of boft pairs are formed, coane and fine respectively, by k^. 
tudinal and rimiraferentitl channefing, ao as to produce low mtangu- 
kr teeth. The ooarser or Iwaking rolb are so njated that each tooth 
on each roll comes fairly opposite a channel intersection as the rolls 
turn together; the spacing also is such that the cake is broken, not 
crushed wid tolled through. The whole trork of cake breaking, prop¬ 
erly speaking, is done in the first passage between the coarse rolls. 
The remaining two passes efieet a fine granulating. ITie second pass 
carries the broken cake between the lower coarse roll and the upper 
fine one. To the natural effect of this difference in roll-surface fine¬ 
ness there is added the grating action of a surface sj)eed differential. 
The result is an action suited to the recpiirementa of a step hiter- 
mediatc Ix-tween initial breaking and final granulating. 

In the third pass there is similarity of surfaces, but pronounced 
difference of speeds, due to the greater diameter of the Iwttom roll. 
The grating action here is very effective in fine granulation of the cake. 

Lately there has sprung up hi the oil.eakc market a demand for 
“cracked cake,” that is, cake simply broken, clean and coarse.* 
Sudh cracked cake is produced in a most sarisfaetory manner by this 
breaker, by allowing the cake to make only the first passage Ix-tween 
the coarse rolls, and diverting the broken cake thence to a conveyor 
for delivery to the sackers. By suitable adjustment of the machine 
any desired grade or eoarseneas of cracked cake is readily produced. 
All four rolls arc geared together, and the whole train is driven by 
twin belts on large pulleys, keyed to the extended ends of the lower 
coarse roll shaft. Check boards arc of iron, fitted and machine 
bolted into place. Adjustment for cake thickness and for fineness of 
final pass is provided for by simple and permanent wedge devices. 
Roll shafts are of one piece each, con&uous through the rolls. The 
speed is from 80 to liO revolutions per minute. The floor space 


' Many purchasers prefer tills, on the fptiUQd that such meal is less HaUe to adulter- 
atioi} but as adultoatiun may be effected at the crudiing rolls, ti^ lue pea meal ” ia 
not a certain safe^rd. 
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occupied is 48' by 40 inches, the height 45 inches, tad the wei^t 3825 
pounds. 

For grinding the granulated cake thus produced the attrition mill 
is usually empbyed. This can be set for any desired degree of fineness. 
Its power consumption is high. 

A largely used type of grinder consists of several series of hinged 
■wrought-iron bars, revolving about a shaft which turns at 1200 to 
1400 r.p.m. These bars are spaced alxrut three-fourths inch apart in 
the clear and swing through openings in a cage. Fig. 61 represents a 
machine of this type. The cakes fed into the machine are struck by 
the bars with tremendous force, and the fine particles pass through the 
bars of the cage. From under the cage the meal is taken by means of 
a Irelt and bucket elevator to an overhead rotary screen, which dis¬ 
charges the fine meal to bins and returns any coarse particles to the 
grinder. The power consumption of one machine of this kind, includ- 
ittg screen and conveyors, etc., was 100 horsepower for a meal produc¬ 
tion of .50 tons daily. The crusher only was operated by a 10} by 
17 inch .steam engine at 220 r.p.m., the initial .steam pressure beittg 
90 poimds, and tire engine cutting off at sevni-eighths stroke. This 
high power consumption was partly due to a poor driving arrangement, 
and was subsequently reduced. Under good conditions mi output of 
10 tons of meal per hour was secured from a similar machine, for 
which 60 Imrsepower was required. This provided power for the 
cru.sher only. The total cost of making one ton of meal from rake 
was from 90 cents to $1.00, including power, labor, bags, repairs, and 
interest, but not shrinkage. The shrinkage in grinding meal is quite 
heavy, being due to a slight extent to the actual loss in dust, and to a 
greater extait to the drying of the meal. Meal bags cost slightly mote 
than cake bags, in proprtion to their contents. Compressing the 
meal to reduce its bulk has been tried, but without commercial suc¬ 
cess. From the storage bfos the meal is spouted down into bags. 
It can be packed at less expense for labor than cake. Stands for the 
liags, and in some cases automatic baggers, cheapen the operation of 
packing. Ihe latter machines are of the same type as those used in 
flour mills. 

Practically the only by-products of linseed oil are cake and meal. 
The grormd seed has a place in the United States Pharmacopoeia, and 
is used for poultices, for making a tea, and occasionally as a constituent 
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m concentrated feeding stuffs, but the market thus afforded is from 
the crusher’s standpoint inffnitesimal. A lawn dressing was at one 
time prepared from “new-process” meal, which is always difficult to 
sell. 'This was adverti.sed to contain from 3.4 to 4.4 per cent of nitro¬ 
gen, from 1.0 to 1.2 per cent of phosphoric add, and from 1.0 to 1.1 
per cent of potash. It was to lie applied in moist cloudy weather in 
the proportion of 50 pounds of meal to 2.500 square feet of ground. 
The comparatively coarse meal resulting from the “new process” 
(of percolation, discussed elsewhere) was ground in two 24-inch Cogs¬ 
well attrition mills. 

'Ihe reasons for the limited domestic demand for oil rake will be 
discussed in a later chapter. It should be noted that the average oil 
cake or pure meal contains from 4 to 7 per cent of oil, and up to .36 
per cent of protein, of which 85 per cent is digestible. The value of 
the manure voided from the feeding of linseed cake is estimated to 
amount to not less than $16.00 |kt ton of cake. In the export market, 
especially in England, American linseed eake is often received at a 
di.seount only, on account of the bw percentage of oil w'hieh it eon- 
tmns. Seientiffe finxlers assert that oil in percentages alsm- 6 is not 
desirable; but the foreign farmer has not yet arrepted this dictum. 
Cakes produced abroad contain much more oil, .sometimes as much 
as 20 per cent. With cheaper seed, a lower cost for working, and an 
immediate eake market at high priei-s, the foreign crusher is primarily 
a eake producer, the oil being his by-product, sold at such low prices 
that it finds applieatbns almost unknown m this country. Education 
of the American farmer to a realiaation of the value of oil eake, with 
inevitably changed agrieultural conditions, may eventually result in the 
domestic marketing of our annual output of 350,000 tons of rake, 
valued at say $7,000,000, with a consequent decrease in the <s).st of 
oil, its extended application, and the enormous growth of the linseed 
industry with resulting l)enefits to agriculture and commerce. Few 
features of the business present such possibilities for its expansion as 
the domestic marketing of the cake at good prices. 

Cake has been sold for as much as $85 per ton, its present price 

ranging from $18 to $25, with meal from 50 cents to $1.00 per ton 

higher. No quotatbn of price on linseed oil is ever made without 

rrference to the value of cake, a difference of 1 cent per gallon in 

the cost of oil, corresponding to 21 cents per bushel in the worked 
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co.st of the seed, being effeeted by a difference of about $1.40 per ton 
in the price of cake. The differential against meal is less than the cost 
of grinding, but is offset, at western points, by the saving in freight. 
Meal is sold in carloads, cake usually in lots of .50 tons. As packed, 
the Iiags are trucked to the scales, each bag being stenciled with the 
lot number only, as a general rule. Brands arc .seldom used on the 
bags, and it is not common in tliis country to brand the cakes them¬ 
selves, a practice almost universal abroad. ITic price of cake has a 
oomsiderable effect upon the most economical method of operating a 
mill. When cake pricc-s are high, oil prices arc low, and Hce verm. 
Tile former condition justifies increased output at a small sacrifice in 
yield of oil. It sometimes leads, also, to tlie neglect of .screening the 
seed, or lo the intentional mixture of impurities with the seed. When 
meal is sold, high prices an' a temptation to adulteration, too readily 
practicable without detection; but it is to the credit of the crushing 
inten'.sts generally that meal adulteration is ran>, and indeed probably 
never practiced among the lietter known interests, while the com¬ 
paratively slight amount of .sophistication which is practiced is steadily 
decreasing. 

Most of the oil cake exported from this country passes through the 
port of New York. ITie ocean freight rates to the ports of IJverpool, 
TiOndon, Gla'gow, Bristol, Antwerp, and Hambuig range usually from 
5«. to 13s. jier ton. From 1898 to 1906 the annual receipts of oil cake 
at file port of New York increased from 308,483 bags to 684,963 bags, 
the exjiorts from 178,714,800 pounds to 899,91.3,175 pounds, while the 
exports of oil meal, which increased from 1898 to 1904, have since 
decreased to about the old figure of 14,000,000 to 15,000,000 pounds, 
valued, however, at an increased price of $1,513 per 100 pounds. 

ITie shilling rate of 84.8 cents per 8840 pounds represents a cost for 
freight of $.000108 j)er pound, or say $.004 per bushel of seed worked. 
A rough average rate of 10s. therefore represents a cost per bushel of 
$.04, equal say to tire costs of labor and power for operating the mill; 
or equivalent to 1.6 cents j)er gallon on the price of the oil. 

Cake should be allowed to cool before packing. This permits of 
contraction due to cooling and to the evaporation of moisture, and 
results in closer packing. Cake thoroughly dried before shipment is 
less apt to mold or sour during exposure to the atmospheric con¬ 
ditions prevalent during ocean transit. Furthermore, shipment before 
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the moisture has left the eake re.sults in a loss of weight during transit 
and serious controversy with the foreign buyer. Returns from ship¬ 
ments from nine mills .showed losses in weight ranging from .30 to .89 
per cent. At mills where the cake was weighed hot the highest short¬ 
ages were found. Mills weighing their eake hot in the daytime, 
(raeking during the day the cold eake from the night run, experieneed 
shortages somewhat less in amount. Mills weighing all of their rake 
cold experience very little .shrinkage. Ix>.s.ses as high as 3 per eent of 
the weight have law found in the fir.st 10 hours after pressing, the 
average temperature of the cakes throughout tliis period having In-en 
100 degrees. Most of this loss prolrahly oecurred during a few 
moments after removal from the press. 

Tlie foreign buyer’s preference is for a cake running uniform in 
per cent of oil, in size, weight, cobr, and general apjiearanee. He 
prefers a light eake, of from 10 to 18 pounds weight, a high pereentage 
of oil, a soft texture, a .squarely trimmed eake, |>acked in liags not 
exe-eeding S2S pounds’ weight, neatly and tightly sewed. He in.sists 
upon accurate weights. Some of these requirements are ineonipatible 
with economical operation from the standpoint of the American 
crusher. It is good policy, however, to meet them on all reasonable or 
non-essential points, thus establishing a reputation for a fairly ^atis- 
faetory eake which may be more readily disposed of than the average 
when the cake market is dull 
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OIL YIELD AND OUTPITT. 

Dally figures for yidd approximate only.—Factun averting yield and output.—Data 
showing variations in yield with changes in output.—Relation between yield and rake 
b*st.—Importance of cake test.—Sonic sjiecimen tests.—Sampling.—Pwcolation.— 
Furifiratiou of solvent, method of testing the cake.—An unproved method needed.— 
Daily wdght of product.—Inventory while rumiing or while shut down.—Invfsntory 
of cake and of oil.—InHuetU'C of temperatuK.—P(»nts to be olwervcd io making 
stock invoitoiy.—Transportation losses on flaxseed.—Percentage of impurities in 
relation to yield.—Effect of fineness of grinding.—Tests.—Bad o{)erating conditions. 
—Wdght of rake.—Widtli of cake.—Kdaiimi between the thickness of cake and 
hydraulic pressure.—Relation lidwecn cake and ram diameter.—Actual data.— 
Methods of increasing thicknera of cake.—Relation lietween yield of oil and output 
as affected by speed of woricing.—A specimen case.—Records of experiments.— 
General anaipis.—<''onclu8ions and campaiisons.—Increases in ou^ut possible 
without injury to the yidd.—Yields from various seeds.-Econcxny dt working tkiuth- 
western seed.—Generd analysis.—Suggested form few duly report—^Necessity for 
trial or test runs.-Thdr object.—Sulxiivision of the mill.—Duration of run.— 
Equipment—Method conducting the test.—Laboratory tests.—Records of data. 

—Uniform report. 

In rtimparing the production by various mills of oil from flaxseed 
it must always be borne in mind that what is called the yield is good 
or bad according to the way it is calculated, and there is no accurate 
('om)>arison possible excepting that which is based on inventories takm 
at the close of the run when the mill has no stock of flaxseed on hand. 
It is desirable, however, to make the figures for yield of oil from time 
to time, daily, weekly, and monthly, correspond as closely as possible 
with the facts that are known to exist. It is also desirable to throw 
approximate information on the oil ^eld of a mill by resorting to care¬ 
ful and thorough methods of determining the percentage of oil in the 
cake produced. While such determination gives only approximate 
indication of operation, these indications are nevertheless the least 
liable to large error, if properly made, of any that can be obtained, 
bearing on this subject. 

The volume of production per unit of equipment depends mainly 
upon the weight of cake and the speed of operatbn, the approximate 
181 
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general formula for bu.shelii rrunhed per day being S WNII, in which 
IF = the average weight of cake, .Af = the total number of plates, 
imd U = the number of changes made, that is, the pressings per liour 
divided by tlie number of presses in a set. Two of these factors, cake 
weight and speed of operation, should, in theory at least, have a positive 
efft'et upon oil yield. The following table shows how these and some 
other factors compared at four ty]>ieal mills during a .seriet of runs. 

OENEIUL FACTOUS AFFEITINO OIL YIEIJ). 


Voini Dewriliwl. 

1 


1 ^ 

4 

I. Yi^d i»f oil. )bs. IiuhIi. 

10 43 

19 60 

^ 111 !» 

10 .^0 

i. AveraKf' Kike toMt, same 





period, per c-ent 

ft 46 

6 01 ! 

5 69 

' 5 53 

3. Kfpiivaleiit to oil iu need, 

1 




l>er «*iit 

3S 4 

39 0 

38 1 

38 4 

4. (inule of siHil workwi. 

No. 1 N.W. 

No. 1 N.W. 

No. 1 N.W 

No. 1 N.W. 

5 Avero)^Mloeku};i% {ler cent, 
tf. 1'rai)S|KtrUlion sliorta^. 

1 64 

1 90 

1 63 

1 5K 





per wilt 1 

36 




7. Biisliels ({round |)er htuiid 





of kiUh per day ' 

300-4ft0 

t 

5i5 

550 

K. Sttml of r.p.m. > 

140 

170 

170 1 

170 

9. HwladK per heater |)er day. 

10. Temwrature of press room. 

11. Weiffliiiift of c(dce 

1.300 

1400 

1050 

1145 

cold 

\imnn 

cold : 

warm 

) hot 

4 hot 

hot I 

hot 

li. WumlierofehantjeMperlir.. 

S and I 

i 

! 

! 

IS. Weifflit of cake ikt so. in., 



lbs. 

0363 

0494 

.(KfTO 

.0309 

14. Prefwiipe per im|. iii.« 16 





-. (IR X 19) 

7 45 

7 64 

8 50 

8 49 

1ft. Trinunii^ -- make of 





niadiise . 

Dion 

Freneii 

h’reiich 

Itotary 

16. i’rraaure. ibs. per sq. in.. 




on presaes .. 

3300 

3600 

3500 

3750 

17. Weight erf cake, Hw 

15i 

131 

15 

14 

18. Width of moider frame.. 

i«jr 

HJ' 

lar 

llj* 

19. Length of moider frame 

34f 

34i' 

33* 

34J* 

40. Average ram diameter 

16^ 

16 to 17' 

16* 

16* 


While conceding that the weight of cake and the speed of working 
affect the yield, it Ls not safe to say that any variations in weight of eakc 
or speed of working within the limits of oYdinary operation are such as 
to have injurious effect upon the yield-of oil. An increase in the 
width of cake made at one mill resulted in a sharp decrease in yield, 
which was found to lie due, however, not to the mere fact of the 
increase in the rake area, but to the fact that the wider cake lapped 
over flic edges formed in the mat by the former narrower cake. This 
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whole subjeet will be discussed more at length later. In connection 
with it, it is interesting to note some comparisons of results obtained 
at various mills, showing that considerable increases in production per 
unit may Iw made without injuriously affecting the yield of oil. In 
one mill, for example, (A) the daily output was increased from an average 
of 8836 bushels to 4156 bushels, while the yield figured 19.55 and 
19.58 pounds. The change in yield was too small to be wmsidered in 
comparison witli the increase in output. Yet this same mill had run 
for years at an average output not exceeding 3!i00 bushels Iwfore the 
two increases referred to were made. In another case (B) the production 
increa.scd from 178 to 102 bushels per press (average figures), while the 
yield also increa.se<l from 19.52 to 19.58 pounds. In a third mill (C) the 
bu.shels crushed iuert'ased from 1904 to 2294 daily average, the yield 
(oncurrently increasing from 19.44 to 19.51 poimds. Tliese gains in 
output were made as the result of iinpn>vement in details of operation 
without equipment expenditure-. Tlie jx>int to la- notc-d is that they 
were unaccompanied by loss in yield. The changes made at the three 
niilLs were, at A and (', increases in length of cake, and at B and C 
increases in thickness of cake. 

Mention has lieen made of the importance and advantage of care¬ 
fully dc-terniining the ]x-rcentage of oil in the cake product of the mill. 
When the pa-rcc-ntage of oil in Uie seed is known, a determination of 
the percentage of oil in the cake becomes a simple method of checking 
the reported yield of oil, since the oil obtained, as oil, plus tlie oil in the 
cake must c-qual the oil in the .seed, as shown by the following; 

G.VLLONS OF OIL YIELD PER IJIISHEI, OP SEED CRUSHED FOR VARIOUS 
SEED AND CAKE TEHTS. 


t bushel seed - 56 pounds. No Itscs. 1 gallon cnl “ If pounds. 



34 

35 

36 

37 

38 

39 

(‘-ake T«t, per Cent. 

1 . 

i 49 

2 56 

2.65 

2 72 

2.80 

2.87 

u . 

« 47 

2 54 

t 62 

2.60 

2.77 

2.R4 

« . 

2 44 

2 52 

2 59 

2.67 

2.75 

2.83 

.. 

i 41 

2 49 

2 56 

2 64 

2 72 

2.80 

3 . 

2 30 

2 47 ' 

2 53 

2 61 

2 69 

* 77 

4 . 

2 34 

2.43 

2 49 

2 67 

2.64 

*.71 

5 . 

2 28 

2.38 

2 44 

2.53 

2 60 

2.6ft 

a . ... 

2.23 

2 33 

2 38 

2.47 

t.li 

2 62 

7 . . . 

2 1ft 

2 28 

2..34 

2.42 

2.50 

* 67 


Nora. — Yield increnses .60 pound for each 1 per cent of oil in seed. Yield decrease 
.30 pound for each 1 pw cent of oil in cake. 
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This (4ieck is not absolute because of vai^g conditions as to 
moisture in seed and cake, impurities in the seed, etc., which arc else¬ 
where descril)ed; hut while there are oecasional inconsistencies and 
the actual measured yield may not in all instances compare precisely 
with the test of tlie cake, it is nevertheless true that the latter is in the 
main a very accurate index of whether the mill is operating properly 
or improperly. One per cent of oil in the cake means one-third pound 
of oil per l>u.shei, so that for ordinary prices a variation of one per cent 
in the cake test means an increase or decrease of about two cents per 
bushel in the cost of operating the mill, an amount which is equal to 
practically the entire labor cost of mill operation under favorable con¬ 
ditions. It will readily be seen, therefore, that increases in volume of 
production which involve any increase in cake test, and consequently 
foas of oil, are apt to increase rather than decrease the expcn.se of 
operation. 

lire actual percentage of oil contained in commercial cake varies 
from 4 to 7 per cent. A fair figure, if continually maintained, when 
the cake is properly sampled, is 5 per cent. Percolated meal left after 
the extraction of oil from flaxseed by the naphtha or “new” process 
contauis from 1 to 8 per cent of oil. the average being Iretween Ij and 
li. The cake left from cold-prcs.sed oil will seldom run lower than 
IS per cent. In Europe, where flaxseed is expressed principally in 
order to obtain the cake, the tests run very high. The following are 
some of the percentages of oil obtained from various samples tested 
from 1898 to 190*; 


Dewluns (Ku«^) . 
K<WRn (RuBiian). 

Bull (Cucutta). 

Manoff (Ruaskn) 

13.60 
li 86 

K 96 
10.99 

Crapara (^nish). . .. 

J. X R. (Russian). 

Chocklc^ (Ru^n)... . 

(Russian). 

Uutows (Russian). 

9 

12 26 

9 56 

22 00 

10 26 


The foundation of a properly representative cake te.st is in the sam¬ 
pling. Improper sampling is the u.sual cause of inconsistent tests. The 
fact that two mills working the same quality of seed may report widely 
diifering yields of oil with practically the .same per cent of oil in cake is 
usually an indication of partiality in sampling. In times past it was 
the idea to deliberately select good cakes, and in almost every plant a 
pomt was made of avoiding any cake that was perceptibly bad and 
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higher in per cent of oil than the average. Tliis was of course 
wrong. The selection should lie made absolutely at random, and if 
so made it is natural to expert that occasionally a comparatively high 
test will be obtained. The infrequency of such a test, however, will pre¬ 
vent it from affecting the general average to an undue extent. No 
effort shouljl Iw made to obtain a tup rake, a middle cake, or a Iwttom 
cake, or a cake that has bad the full time, or a cake taken at any rer- 
tam hour during the day. The be.st .selection possible would lie that 
by .some one blindfolded who had never handled a linseed eake before. 
In default of tlib, the selection should be made by some one about the 
miU who is least qualified to judge of the eake, not the press-room fore¬ 
man, nor the mill manager, but some office employee or some one feom 
another department who.se choice will lie a random choice, so that the 
liad will show up with the good and the average for the month will 
truly represent the average work of the mill. This selection should be 
nuutr at frequent intervals: at least hourly and preferably half-hourfy, 
during the day and night. A quarter section should then be .sawed 
out of each of the 24 or 48 cakes thus olitaincd. Instead of testing 
the sawdust, as is usually done, these quarter cakes should be ground 
in a cake grinder and the resulting meal thoroughly mbed and sampled 
in an automatic sampler down to the proper amount for testing. 

llie proper sample having been obtained, the method of testing 
consists usually in percolating a sample of meal with a solvent, such as 
naphtha, ether, or bisulphide of carbon, one of the two last named 
lieing commonly employed. Ether is not quite as powerful a solvent 
as carbon bisulphide, but possesses the advantage of being readily 
obtained in a eonditkin of purity. The superior solvent power of 
carlion bisulphide, added to its usual impurities, whieh consist of a 
solid residue left upon evaporation, are apt to make tests in which 
that substance has been used show an unduly high percentage of 
oil. This solid residue consists of free sulphur. The amount of it 
in a given lot of solvent appears to vary from time to time, being aug¬ 
mented by exposure to light and air. The solvent should lie repeat¬ 
edly purified by distillation, kept in a dark place in an opaque and 
tightly corked bottle, and frequently tested to ascertain what per¬ 
centage, if any, of sulphur is left as a solid residue upon evaporation. 
This test is made by taking a weighed quantity of bisulphide and 
allowing it to evaporate in the sunlight, and finally over a water bath, to 
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constant weight. When using the solvent thereafter in making tests 
an accurate record should be kept of the quantity of solvent used and 
a deduction made from the pereentage of oil fotmd representing the 
amount of solid residue contained in the solvent. 

The .standard method of testing the cake is as follows: 


OiK'hundred grains or 10 grains of the ground soinpleof cake arc accuraftly weighed on 
a |Mecc of gkxed paper. A percolating tube three-fourths inch in diameter and 11) inclics 
long is plugged wHIi cothm, on of which the sample of meal is poured, and another 
plug of cotton placed on top of tlic meal. The solvent is tlieu poured into t)ie tulie until the 
latter is aliout fid), and is allowed to percolate through the meal and disdiarge into a 
three-inch evi^rating dish ]))aoed uudemeath the tube. For complete extraction of a 
IflO-fpnin sample the tube should usually lie twice tilled with the solvent. Tlie com- 
pietetu'tM of extnu'tion is detennined by olis^iig whetlus’ tlie final trickling from the 
tulie leaves an oil stain ou {taper and also by making an additional extraction in another 
evaptmiting dish and olsierviug whether the fluid which runs througli evafxiratcs enm- 
{dHeiy. After making a few tests with one particular solvent it is usually not difficult to 
judge of the amount of advent required for a sample containing a nonmd percentage of 
dl. After complete extn^ou, the evaporating dish is phutsl in a desiccator and set in 
the sunlight Wlien the odor of solvent can no longer lie detected Ute dish is kept on tlie 
water liath fur fifteen minutes, after which it is weighe<l. The weight of oily residue in 
grains or dedgroms, a.s tlic case may be, is die {lerccntage dl in toe sample meal, 
providing no correction is necessary for impurities in the solvent To make these tests 
uS cake truly r^resentativc, regard should always he paid to tlie percentage of moisture in 
the cake. An increase of moisture with the stune percentage of d) means, of course, a 
highff percentage of dl in the dry cake, and the qx^mtion of a mill cannot be judged 
whdiy from its cake tests without bearing in mind also at all times its moisture test. 

There is need for a simpler and quicker method of testing cake. 
By tlie present method a considerable delay is necessary in order to 
evaporate the solvent. The testing is rather expensive and there is 
great room for enor. A volumetric method would be desirable; 
possibly one could be developed from the phenomena of color imparted 
to .solvents by even minute traces of oil in solution. Hie method of 
testing given is, of course, that employed by tibe mills, the tests being 
often made by comparatively unintelligent men. In laboratory testing, 
various refinements are introduced, such as the condensing of the 
evaporated solvent, etc. 

Amde from the question of testing the'eake, the crusher determines 
the correctness of his operation by weighing the amount of oil pro¬ 
duced, usually every twelve hours. The weight of cake is likewise 
ascertained, and it would seem reasonable to expect that the sum of 
the two should be equal to the wei^t of seed crushed. As will be 
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shown in a later chapter, there are reasons why this is not the case. 
The combined weights of oil and cake are always less than the weight 
•of the seed delivered to the mill, the former losing weight, probably in 
storage and certainly durii^ working. Furthermore, the oil and the 
cake, particularly the latter, lose weight after their production. The 
daily yield of oil as usually calculated by dividing the weight of oil 
produced by the total weight of the oil and cake expressed in bushels 
of .56 pounds is therefore not correct. If mills were generally equipped 
with scales for weighing the seed fed to the rolls each day, a more 
nearly correct, though still approximate, record of yield might be 
obtained. Even with such facilities, and in ftc absence of any accu¬ 
rate method for ascerttuning the quantity of seed in bulk storage, the 
cru.sher never knows what his actual yield is until he exhausts his 
supply of seed. 'ITiis is usually done intentionally once or twice a year, 
and is apt to occur oftencr. With a mill empty of seed, an accurate 
inventory of oil and cake (not an easy inventory to make) shows the 
actual yield from mill o])eration. loth of oil and of cake, which may 
be defined as die weight of each actually on hand or credited from 
shipments as a result of each bushel of flaxseed charged to the mill. 
At tills time the crusher may be so unfortunate as to find liimself short 
10,000 to ^,000 bushels of seed from the amount charged to him on 
his books, such a difference often making the difference between a 
profit and a loss on the season's operation. Against such a calamity 
various methods of day-by-day hedging have lieen devised, which will 
be suggested later. Occasionally a crusher “comes out” ahead on 
seed, i.e., finds that he has more seed on hand than his Ixmks call for. 
His cake and oil may, upon inventory, prove either over or short of 
what his books show. 

The inventory of cake is usually conducted by counting the bags 
and single cakes in piles. The average we^t per bag and the aver¬ 
age weight of each cake must be known. Loose meal is difficult to 
estimate. The cake can, of course, be all weighed, if desired. The 
oil is taken by measuring the depth of oil in each tank and computing 
the number of gallons. The specific gravity of linseed oil being .93, 
its weight per cubic foot is S9.1 pounds, or the gallon of 7i pounds 
contains 7.S -s- 69.1 X 1738 = 319 cubic inches. Thb is correct for a 
temperature of 80 degrees F., but as linseed oil expands .045 per emtof 
its volume for each degree F. that the temperature is elevated (.081 per 
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cent per degree C.), the temperature of each talk must be taken and 
its contents corrected accordingly; a difference of 28 degrees m the 
temperature making a difference of about 1 per cent in the contents of 
a tank. The expansion of linseed oil by heat is nearly twice as great 
as that of water. 

For .simultaneously taking the contents and the temperatures of the 
tanks, a weighted maximum and minimum thermometet should l)e 
u.sed, attached to a standard steel tape. This form of thermometer 
gives the average temperature from top to liottum of the oil, and main¬ 
tains its indication until readjusted after the readings have hem taken 
Every cru.shcr keeps a list of his tanks for oil, with a tabulation of the 
contents in gallons for each. During the gauging of the hmks it is of 
course important that the outlet valves tie all locked and the keys 
secured. For ease and accuracy ef stock inventory, the mill should lie 
reduced as nearly as possible to a (|uiescent state; the serst tanks and 
bins having U-en made absolutely crajity, the heaters eleanerl out, alt 
cake and meal bagged if practicable, all forits barreled or tankcrl, the 
filter presses empty and out of service, pipe lines drained, and ail oil 
in liarrels either weighed or dumped. Such an absolute .shut-down is 
expensive, and in some mills never occurs, appniximate inventories 
lieing taken from time to time when a relatively low .stock of seed 
fiimishes a favorable opportunity. With suitable equipment for 
rehandling and reweighing seed, an accurate inventory might be taken 
at any time; but few, if any, mills have such equipment. When 
taking an invmtory while the mill is in operation, the seed in process 
of crushing, i.e., in heaters, presses, conveyors, and troughs, whether in 
its original condition or partially or wiwlly as oil or cake, must lie 
carefully taken into account. 

The first impairment of yield to whkJi the crusher must submit is 
that due to transportation losses of seed liefore it ever reaches him. 
He buys his flax in primaiy markets, from whidi it usually passes, 
before reaching hun, through the hands of common carriers and public 
elevators. Both lose some of the seed. One of the amtrolling factors 
in the strategic location of a mill is therefore its service by these utili¬ 
ties. Water transportation is almost always less severe on the seed 
quantities than rail transportation; and the latter varies wide^ in 
diaracter in different parts of the country. Transportation by rail 
from Buffalo to New York was for some years accompanied by 



OIL YIELD AND OUTPUT. 


1‘29 


notoriously hoavy .shrinkages of flaxseed, while that from Minneapolis 
to Chicago resulted in far lighter losses. Roper cars, properly lined, 
■^atly decrease the losses in tail shipments. Elevators differ in tepu- 
ation for shrinkage as widely as the railroads, and oceasionally 
■rushers think that the shrmkage b more than is accidental or inevi- 
ablc. Transportation on the Erie Canal from Buffalo to New York 
las the desfrable feature that the canal boatmen stand the shrinkage, 
.e., the crusher deducts the value of any seed shortage from the freight. 
Ilie lakes transportation of flaxseed is governed by the rule that the 
ressel is responsible for shortages in excess of one-half bushel per 10(10. 
lake shipments show prartically no shrinkage if made in steel 
x)ttom.s. Over a period of .several months, the .shrinkage in trans- 
K>rtation by rail from Buffalo to a sealward mill was 3.6* bushels per 
lUflO, a large part of which was found to ocxxir in the lighterage 
>etwccn the railroad elevator and the crushing mill. In fact, the 
ihrinkage was greater during the few miles of harixtr transportation 
than tiK average .shrinkage on .shipments via canal all the way from 
Buffalo. A western mill experienced an average shortage of 1.01 
bushels per 1000 on a fimr-mile rail switch. 

The amount of impurities in the seed also has a decided bearing on 
tile commercial yield. If the crusher receives a net 56 pomuls as a 
bu.shel of seed, he may olitain say 19.5 pounds of oil and 35.5 pounds 
of cake, and lose I pound of material by shrinkage. If he is so for¬ 
tunate as to receive with each bushel of seed 1 pound of accidental 
impurity gratis, he may stilt undergo a 1-pound shrinkage, and even 
if he obtains no oil from the screenings he will produce from each 
bushel 19.5 pounds of oil and 36.5 pounds of cake. If cake is worth 
one c«it per pound, his increased revenue is therefore one cent per 
bushel. ii fact, however, he obtains some oil from the impurities, 
when these are contained in small percentages, thus increasing his yield. 

Another factor affecting the yield of oil, which does not have such a 
direct relation to volume of production, is tiie character of grinding. 
This has already been discussed in a preliminary way. 

For good work, no stand of rolls should be expected to crush mudr 
more than 500 or 5*5 bushels per twenty-four hours. This is assum¬ 
ing that they are in good condition. If the rolls are in bad shape 
they will not crush anything like this quantity of seed. The average 
cake test vriien running three stands of rolls per set of presses was, in one 
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mill, 4.90, and when running two stands of rolls, 6.10. These rolls were 
in very bad condition. 

The influence of Oneness of grinding upon yield is inevitable. The 
comparatively heavy expense of grinding the rolls is for this reason 
cheerfully undertaken. Experimental data as to the exact relation 
bctwwn the fineness of the meal and the yield of oil are lacking, 
and, in fact, determinations of fineness by memis of sampling sieves are 
difficult and inexact, lasmse the operation of sifting makes the meal 
finer. A scries of tests made in order to determine the combine*’ 
influence of thorough grinding and time of pressing gave, first, witi' 
all rolls running and six pressings per hour on seven presses, an average 
yield of 19.65 pounds, with a cake test of 4,90 per cent; second, witli 
one-thini tile rolls shut down and six pressings per hour on six presses 
(faster operation), 19.16 pounds oil yield and 6.67 per cent cake test. 
'Hie decreased yield of oil in the second tests was deemed to lie due to 
the imorer grinding raliier than to the faster operation. 

llie weather has some effeet on the yield of oil, it Ix-ing easier to 
keep the meal hot while in the preases during the summer months, 
llie .stssi would, aside from questions of quality and {lereentagc of 
oil, afitst the yield of oil aecortling as it contained mon- or less mois¬ 
ture. Theoretically, old and diy .seed ointains the more oil, but prr.s.s- 
room operators know that it is niueli more difficult to so temper the 
meal as to get the oil out of old or dried seed. 

Bad habits in the press room are frequently accountable for a falling 
oflt in the yield, lire men will get off the schedule time and try to 
make up a pressing, so that in some cases the cakes are left under 
preasure for a very few moments only. Cakes have Irecn left in the 
presses over Sunday so that tlie men could get home promptly Sunday 
morning. In milk not equipped with automatic change valves, 
the men will not change from low to high pressure at the proper 
moment. They will sometimes M to msert the cakes in the press 
straight. Other matters equally under executive control are to make 
sure that the change cocks ate all seated tight mid that the rams are 
not leaking; that the hydraulic system generally is %ht, so that the 
aeeumulator never rests on the blocks; that the meal is properly 
heated and moistened in the heatem; and that the working over of 
the foots is so arranged that this material is thoroughly distributed and 
gradually mixed with the meal. 
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The arguments -pro and cm the use of single or double hair mats, 
or bare plates, arc given in Chapter IV. The advantages of the auto¬ 
matic change cock for regulation of pressure, and the influence of 
steam-jacketed side walls on the presses, are stated in the same 
chapter. The economical advantages of automatic trimming, and the 
proper met]|jods for handling foots, with the In-aring of these subjects 
on yield, have also lasm treated. The nnml>er of plates in the press 
has absolutely no bearing on mechanical factors affecting yield, this 
WiimlHT lieing limited solely by the rapacity of a man of fair stature to 
Rift the rakes up to the full height of the press. Pressmen are usually 
tall, but pn-sses must not be built too high. 

'Hie question of weight of cake has a direct liearing on output. If 
it can 1 h‘ shown that esperially long, wide, or thick cakes can he made 
without decrease in the yield of oil to an injurious extent, an immediate 
opportunity for im|»rovement would be presented to many crushers. 

It would s<<cm natural to assume tliat with tlic anmunt of pressure 
and the <'ai>iwitv of press cylinder ls)tli limited, there is a certain 
maximum size of cake, Iwyond which it is not possible to go without 
diminishing the yield of oil. This is lome imt to some extent by the 
fact that one large crusher, who admittedly gets a high yield of oil, 
runs witli a very light cake, — lOj pounds, — while another mill, which 
also makes a very light cake, obtains the liest yield of oil that is 
reported. On the otlier hand, some crushers, also obtaining good 
yields, make a fairly thick and large cake. 

Tliis matter was mvestigated by the present writer in 190g, when 
a considerable increase in thickness of cake was made without any 
decrease of yield being noted. Later, at another point, the cake was 
increased in thickness, but as this change was made simultaneously 
with a change from seven pressings on six presses to six pressings on 
five, no reliable data exist as to the effect nf the change on yield. At 
another mill the thickness of cake was increased without detrimental 
effect. At still another, increases were made in thickness and length 
of cake without detriment. A later increase in wM, of cake resulted 
in a change for the worse in operation. This, however, was probably 
due to the fact that the increased width set out the edges over the 
ridges formed in the old mats, so that the pressure on the center was 
greatly reduced. With new mats, probably the increased width would 
not have been a detriment. 
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In discussing economical weights of cake, reference shduld always be 
made, of course, to the hydraulic pressure carried, the diameter of ram, 
and the maximum distance at the farthest point of the cake from the 
vertical center line of the ram, in proportion to the stiffness of the platen. 

Two main factors should properly be considered: first, fte dimen¬ 
sions of the cake as compared with the diameter of ram (the latter 
being usually 16 inches); second, the thickness of the cake as compared 
with its surface, which may best be represented by the weight per 
square inch. Ihis weight per square inch will probably be found fc 
have its economical limitation in the pressure carried, although the 
limit has apparently not yet been reached. 

In four mills the moldcr frames ranged in inside measurement from 
IlJ by 32J inches to 12^| by 341 inches, the ram <iiameters from 16 
to 17 inches, the high pressure from 3500 to 3800 pounds, the low 
pressure from 500 to 600 pounds, the weight of cake from 13.8 to 16.0 
pounds, and the ratio of former area to ram diameter varied from 
1.88 to 2.21, while that of former area to cake weight ranged from 26.6 
to 81.0. A temporary change to longer cake at one of tliese mills was 
abandoned, not because of any bad effect on yield of oil, but bccau.se of 
tlie increased consumption of press cloth. 

Inwase in weight of cake can usually lie made by increasing the 
height of the meal lx)x which supjtlies the cake former. This enables 
it to cany more meal, and the aksorbing capacity of the former is 
apparently unlimited. The heaters arc elevated to make room for the 
meal l)ox by placing wood blocks, two or three inches Uiick, on top of 
the flanges of the .supporting columns. Whenever a mill abandons 
hair mats either wholly or in part, the increased .space for cakes may 
thus be utilized by making the cake thicker. In many mills there is 
ample room for cakes 5 to 10 per cent thicker without disturbing the 
mats. The result is an exactly proportional increase in output with¬ 
out miy reduction whatever in the yield. 

In considering proposed methods of changing yield or output, where 
it is expected that both of these factors will be affected, it is necessary 
to weigh the one against the other. If we assume that seed costs $1.00 
per bushel, in a mill which, making seven changes per hom*, crushes 
7000 bushels per day, the total production being 57 pounds per 
bushel of (impure) seed, while cake is worth $19.00 per ton, net, then 
if the cost of crushing (press-room cost only) is six cents per bushd. 
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the cost of oil 'with a }rield of 19.25 pounds is 27.3 cents per gallon. By 
changing to six pressings per hour, the output would become 6000 
bushels, and even if the yield of oil increases to 19.75 pounds, the cost 
of oil is greater than in the first method of working. For other yields 
the cost of oil is computed as follows; 

Making 7 changes, crushing 7000 bushels, yield 19.25, cost $.278. 
Making 6 changes, crushing 6000 bushels, yield 19.40, cost $.2757. 
Making 6 changes, crushing 6000 bushels, yield 19.50, cost $.2745. 
faking 6 changes, crushing 6000 bushels, yield 19.75, cost $.272. 

This shows that for seed at $1.00 the yield must be about one-half 
pound greater to overcome a loss in output equivalent to that due to 
dropping from seven to .six prcasings per hour. There is no reason to 
believe that such an incTea.se in yield can be obtained from such a 
dccTcase in tlie time that the cakes are under pressure. Experiments 
made at one mill showed for 7 on 7, 6 on 7, and 5 on 7 pressings per 
hour, respectively, yields of 19.68, 19.78, and 19.72 pounds. 

The time of duration of the application of pressure with relation 
to yield and output permits of some general analysis. We have 
already given two formulas for daily output, i.e., the approximate 
formula | WNH of the present chapter and the more exact formula of 
Chapter V. page 53. We now devefop a more workable formula 
than the latter, while a more exact one than the former. 

Let IF — the average weight of the pressed cake, in pounds, 

N = tlie total numl>cr of press plates, or cakes, 

H = the relative press speed, equal to the number of changes 
made per hour divided by the numl)er of presses in a 
set, and representing the proportion of its capacity 
which each press produces per hour, 

F = the yield of cake, in pounds, per bushel of seed crushed, 
jB = the coat of the seed per bushel, in dollars, 

C = the net price realized for the cake (less parking, idiipping, 
and freight) per loi^ ton, in dollars, 

0 = the net price realized for bulk oil, per gallon, in dollars, 

P = percentage of oil in the seed, 

T = percentage of oil in the cake, 

K = cost of producing bulk oil and bulk edee bom one bushel 
of seed, in dollars, less item B, 
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F = fix«l operating costs per hour (administrative, selling, 
fixed charges, etc., not influenced hy the output), in 
dollars. 


The only pure a.s.sumption wc shall make in this analy.sis is that the 
comhiiied production of oil and cake is S6 pounds per bushel. This 
is aUiut correct fi>r average Northwestern seed eontaining'one-half i 
three-fourths pound of impurities per bushel, and shrinking in open 
tion to aliout on equal extent. This Iieing a.s8umcd, wc have the fii 
lowing relations: 


Cake output per hour — WNH, jamnds, 
Binshels cnished per hour — WNH -e 1’, 


Oil pn>duce<l |>er hour = (iiti — T) 



-H T.a, gallons. 


^ , . JIWNff KWNH „ , „ 

to.st of operation = - — I- -j, - -t c. dollars per hour 




-}.F. 


Revenue from cake = CWNII + 444(1, didlars jicr hour, 

Bevenue from oil = (5(i ~ ^ H j L .j • <lollars jicr hour. 
Profit from operation — 

(1) {CWNH H- 4440) + (56 - I') - {It t K) 

I —F, dollars pe-r hour. 


I WNH S^ 


Oil contained in the seed = .56 P. pounds per bushel. 

Oil produced from the seed = (56 — F), pounds per bushel. 
Oil left m the cake = .56 P — 56 -I- F, pounds per bushel. 

(4) Per cent of oil in cake = 100 (.56 P — 56 -b F) F. 

Formulas (1) and (2) are general formulas for linseed crushing, 
applicable to any mill crushing commercially purr seed. They would 
lie perfectly general if it were not for the slight modification introduced 
by small differences in the penratage of impurities mid in the shrink¬ 
age. Any insertion of values for the constants given leads to results 
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which are correct for the assumed conditions only. Some useful 
illustrations may be arrived at by giving reasonable values to some of 
the.se constants. Ix>t, for example, IF = 14; iV =240*; B =1.00; 
0=22.40; O=.40; />=38; K=.10; F^i.OO. Then formula (1) 
becomes 

831)4 II 

(3) —p-14)5.4 H —4, and formula (2) lieoomes 

(4) (l(M)l’ - 3472) 

By extending these formulas ftir various j)ercentages of oil in cake we 
have the following: 


OIL YIELD rs. OUTPITT-UEIATIVE G.AINS. 


(4ike 

per (Vnit. 

(akp Vnulwcd. 
I'uutidK per 
IliHhp]. 

Oil l^nxluml. 
I’outuls tier 
Uti-dipJ. 

1*ro6t per lluur, 
Dollnrs. 

Value of H for 
UniffMin 
Hourly Pnrfit. 

4 00 

% i 

10 R 

28 6 H-i 


4 .‘jO 

4 

10 6 

28 I 77-4 


5 00 

36 G 

19 4 

28 0 77-4 


5 2)5 

,36 7 

10 3 

28 8 77-4 


5 50 

30 K 

10 i 

28 8 77 -4 

1 H 

5 75 

36 0 

10 1 

25 6 77-4 

1 H 


((VmipiitHtioiiM 1>y lO'incIi slide rule.) 


For the case a.ssumed, therefore, an increa.se of 12 per cent in the 
spe<sl of working counterbalances an increase in cake test from 4.00 
per cent to 5.75 per cent. The tendency is to work the mill too 
8k)wly, rather than too rapidly, on account of labor conditions. Within 
reasonable limits, incTcased speed of working results in greater gains 
from the increased production than the losses by increased oil per¬ 
centages in cake amount to. In point of fart, the operating expense 
does not increase with flie output to any such extent as we have 
as.sumed. A considerable augmentation of output ran always be 
secured with trifling increases in labor and power costs. Press-cloth 
consumption does increase with the output, although if increased out¬ 
put is obtained say by increasing the thickness of the cake, it is diffi¬ 
cult to see how the consumption of press cloth is increased thereby. 
Reduced yields of oil accompanying fast operation are not due to the 
lessened time in the press so much as to the carelessness often resulting 
' As in B 10-ptess mill svenging 24 plates to the press. 
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from the faster operation and the increased rushing of the men. This 
analpia as applied to almost any mill would justify the rapid opera¬ 
tion, with a sufficient increase in press-room force to not overwork the 
men. Any crusher will admit that the number of his pressings may be 
increased 12 per cent without increasing the cake test by 1.7S per cmt 

It is not always easy to compare the operation of two even similarly 
equipped mills when the output per press and the yield of oil each 
differ. A table similar to the above, prepared from formulas (I) and 
(2) with constants modified to suit the .special conditions, permits of' 
immediate comparison. The cake tests and outputs should be com- 
partsl with those given in tlie first and last columns of the table. 

It is not to be assumed that all increases in volume of production are 
made at the risk of injury to the yield of oil. Much can be gained 
in tliis direction without burring the yield and sometimes while 
actually helping the yield, by giving attention to having tempered 
meal on hfuid for the men to start pressing promptly at seven o 'clock 
Monday morning; by getting the maehincry in such condition that the 
noon and midnight .shut-downs are brief and do nut involve a discon¬ 
tinuance of pressure or of pressings; by watching clo.sely the schedule 
and seeing that all pressings are made on rime; and by seeing that 
whatever weight of cake is fixed upon is regularly made by the men 
without permitting them to make a hollow or irregular cake by improp¬ 
erly spreading the meal on the molder when rushed. 

Crushers guard carefully all information regarding the yield of oil 
obtained. From 19.S0 to 20.00 pounds repre-sents the average of good 
operation, the latter bring an exceptionally fine result when borne out 
by inventory at the close of the run. This is of course for North¬ 
western seed, the corresponding cake tests being from S.OO down to 
4.00 per ('ent. Many crushers think they are doing well when the 
cake test is held down to 6.00 per cent. Better yields are constantly 
Ireing secured as a consequence of improved machinery, and even 
more than this as the result of better operation. The busmess is 
becoming less speculative, and crushers now find their profit in the 
details of press-room operation rather than in jockeying with the seed 
market. Flaxseed from the Argmtine runs about the same as North¬ 
western domestic in yield of oil, one run giving 10.60 pounds, the seed 
testing just under .68 per cent of oil. Calcutta seed is very rich in oil, 
more so than any other fiaxseed worked m this country, and one run 
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gave an average yield of 21.06 pounds per bushel. The domestic 
Southwestern seed, grown principally in Kansas, is decidedly inferior, 
containing from 30 to 85 per cent of oil and giving yields of under 
18 pounds per bushel, as a general rule. The difference m the cost 
of the seed and the freight rates make it a desirable material for mills 
located near the territory in which it is grown. The relatively high per¬ 
centage of impurity, for which the crusher pays nothing, further adds 
to the profit in working Southwestern seed. The following calcula¬ 
tion will serve to jmstify the eru.shing of this grade of seed even witiiout 
regard to the question of impurities: 


ECONOMY OF WORKING SOUTHWFOTERN SEED. 
AsBariim CoNomoNB. 





Grade of fieed. 

{Northwestern. 

(Southwestern. 

Coat of amt per bualiel, F.O.B. mill 

$ 1 00 

$ 845 

Working cost {ler bushel. 

25 ' 

.250 

Total cost per bushel. , .. 

¥ i.2:> 

9 1 005 

Yield of oil, pounds bushel . 

19 S« 

17 80 

Yield of cake, pounds per bushel. 

36 50 

38 20 

V^ue {rf (m 1, at 6 cents per pound. 

$ 975 

$ 890 

Value of oa^, at I cent per pound. 

365 

382 

Total value . 

9 1 34 

9 1 272 

Less total cost. 

1 25 

9 1.005 

Gain . 

9 00 

» ,177 


If tlie differenee in yield is more than that assumed, say 2 pounds, at 
4 cents difference in priw between oil and cake the decrease of revenue 
by working Southwestern seed is $.08 per bushel instead of $.0680. 

For seed at $1.50, oil at $.07, the difference in price of seed rimuld 
be $.10 per bushel; or, to l)e exact, 1.70 pounds difference in yield at 
$.06 (difference in value between oil and cake) justifies a difference in 
seed price of 10.2 cents. 

The general formula is 

(T - F') D, 

where F » yield of ml tram Northwestern seed, in pounds pa bushel, 

F* ■> yield of oil famn Southwestern seed, in pounds pa hushel, 

0 - price of oil F.O.B. miB. in cents pa pound, 

C - price of cake F.O.B. mill, in cents pa pound. 

D-least difference in price between Northwestern and Southwestern seed 
(F.O.B. mills) at which it pays to work Southwestern. 
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The “Oil, Cake, and Seed lleport” given below illustrates the 
method used by one crusher in keeping daily rceord of yields. Items 
8 and 7 give re.speetively tlie percentages of clean seed and impurity 
contained in tlie material as worked. Items 11 and IS give the amount 
of oil actually contained in each, as determined by analysis. Item 13 
is the total of items 11 and IS. Item 14 cheeks the “cake test,” by 
taking the dilferenee l)etween item 18 and the actual yield of oil, item 
16, and dividing by the weight of cake. Item 16 is the weight of oil 
that should lie produced to correspond with the cake U-st, item 5. 
This is compared with the actual yield, item 16. There are several 
opportunities afforded for comparing results, in reporting on this basis, 
and discrepancies .should receive immediate investigation. Tlie out¬ 
line presentetl does not, however, make any provision for “hedging” 
against shrinkE^e, and is in tliat respect defective. 


OIU (’AKE. AND SEED llEPORT. 


No. Perksi ending _IJKI 


1. Oil made, pounds . . 
i. ('uke madCn pounds 


3. Oil iu eake (day), ])er cent. 

4. Oil in cake (night), per cent 

5. Oil in cake (average^ {)cr cent . 

6. Water in cake, per emt . 


7. Inipuritieii, per cent. 

8. Clean seed, per cent. 


9. Oil in impurities, per cent . .. 

10. Oil in dean seed, per rait 

11. Impurities, odcuiated oil, pounds 

18. Dean seed, calnUated nil, pounds . . , 

18. CHI in ns crushed, pounds . 

14. Oil in cake on seed basis, per cent 

15. Theoretical yidd, pouiuis. 

16. Actual yield, pounds. 

Plus, pouniu.. 

Minus, pounds.. . 


I^engtli of time under preiuure, minutes . 

-■■ - 

Kind of seed used ... . 


There are many variable factors entering into the question of yield, and so many of 
these can only be estimated by actual eiqieriment under actual operative conditions, that it 
is frequently necessary to run the wliole or part of the mill experimentally. Experiments 
in connection with regular mill operation are annoying, expensive, and often lead to 
incorrect conclusions, it is better to conduct them by a special force of men, ample In 
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number. Thew are trained to operate under fixed conditions and to persist m the secur¬ 
ing of accurate data ou any point in qu^ou. An experiment of t^ kind constitutes 
what is known as a *‘Test Run.'* 

The object the run is to put the mill under uniform conditions which can be carefully 
ol^erved and the results analj^ so as to obtain the acttial yidd of ml and production per 
bushel, and where these are not what th^ should be, to ascertain tlie reasons for their 
variation from normal. 

If the mill is too large for coro}dete ol»ervation of all points it can l>e divided into groups 
each comprising from two to four sets of presses, and observations made on the successive 
grou^M on succesrive days. In order to derive the liest results the mill must lie equi])ped 
with scales for weighing the seed crushed. If possible the mill should also be equipped wHli 
automatic scales, weighing the seed as fed to tlie rolls, so that tins wnght can l»e com- 
]>ared with the weight of product obtained at daily or even half-daily intervals. Where 
neither automatic nor ordinary scales are availalde to weigh the seed fed to the rolls, 
weights IsHween tlie elevator aiul the stora^ bins will answer, ]>roviding Uic bins are very 
carefully cleaned out at tlic lieginiiing and end of the test run. In this case, llowe^'e^, cal¬ 
culations of daily mtults will not lie reliable. 

The usual duration of the run sliould be &(xn TuuHlay morning to Saturday night. 
Tie olwcrvw shouhl reach the mill on IWday of the week preceding in order to prqiare 
for the run. A sampling screw conveyor sluiuld be attached io the main line of conx'eyitfs 
feeding ground seed to the lieaters. Tiis will seeme for testing a continuous sample of 
the meal worked, winch can be quartered down by an automatic Hainpl(»’ and tested for 
oil and moisture. A clean, spare truck should he obtained on which to plane odd rakes 
sclecte<l for testing. A cican, light, dry place should lie fixed upon, where tests may be 
made, and the neci'ssary racks, stands, etc., firmly set up. the water tsith connected with 
tlic steam pi|>e and a Bunsen burner cimne(*ted with the gas |npe. A coke counter should 
be uttaHnsI to tlie trimmer and the press gauges all tested and adjusted. The necessary 
instruments and supplies sliould lie shift'd to the mill in advance, these being k^t in 
a special kit. always ready fur use. 

Tie Inns having liccn shovded dry during Monday night (an extra man b^g on hand 
to ensure that pleuty of seed can be delivered to tlie rolls while filling, tlie presses being 
allowed to run empty), at or about 7 a.m. on I'uesday morning the weight ctf ml in the weigh 
tank is taken and this oil u pumped over into storage, while the press troufdis are blocked off 
so as md to deliver any oil to the weigh tank. Immediately upon blocking off the troughs 
the run begins. After pumping all oil out of the weigh tank into the storage tank the 
latter is gauged, aU pipe <’onnection.s between it and the rest of the mill system broken or 
blanked, and the contents of the press troughs again allowed to run into the weigh tank. 
Ail oil that reaches the weigh tank and ail cake made after the moment blocking the 
connection between the press troughs and the tank are included in the test run. At the 
beginning of the run the amount of meal in the heaters should be carefully measured, 
the amount oil and foots in the troughs estimated, and there should be no trimmings 
on hand. If any trinimings should be found later th^ should be set aside and not worked 
up during the test run. 

Prior to starting Uie run the system tank supplying bj^lraulic fluid to the pumps should 
be gauged. It is assumed that on the preceding Sunday the weigh tank and press troughs 
will have been thoroughly cleaned out and the sc^es adjusted. Throughout Rie run 
r^ular weights must he taken the seed, oil, and Cfdce, the last named to be weighed 
odd; ml to be measured, after pumping over to the storage tank, as well as weighed; 
seed to be weighed between bins and rolls if possible, but at any rate befme being put 
into the bin. 
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When ckning tlie run on Saturday ni^t the bins are to be aUowed to run empty as 
before, and when tlu seed has all been run out of the bins and the amount in the heaters 
is approaching the amount at the beginning of tiie run, the presses should be gradually 
discontinued and albwed to dr^ and finally only one press in each set continued in 
operation, and this Just long enough to work down the meal in the heaters to the original 
position. After emptying this last press the whole system is allowed to drain for one hour, 
after which time the troughs are cleaned out, tiie contents of the ^igh tank pumped 
over and the tank itself cleaned out, and the foots thus obtained figu^ as a part of 
the productimi, less whatever per cent of foots may be computed to have been produced 
on the previous Monday b^ore the test began. The system tank and storage tank ore 
both gauged, and the r^ular mill operation can be immediately resumed. Where this 
procedure involves too much loss of time, the run may terminate at the usual time of shut¬ 
ting down on Sunday morning. 

The cake produced during tlie test run must he kept sqiarate until cold and then sepa¬ 
rately wdghed. Screeniiigs removed from the seed during the run are to l>e carefully 
retainol and weiglicd at tiie end of Uu: run. 'fhe oil jnoduct in the weigh tank is to be 
thuruugldy agitated prior to weighing and the percentage of mouiture detonnined. Evei? 
hundredth cake as the cakes leave the ^nuner is taken aside fur testing purpus«i. lltese 
cakes are accumuiated for eight houn, all are {x^nnitted to cool, and are tlien ground, 
and the mral thus obtained sampled down through the automatic sampler until the 
proper amount is obtained, to be tested for oil and medsture. A careful (disermtion for 
at least one day. and for a lunger period if necessary,’ is made of the average time each 
press is under the full pressure, and tlm results are entered in a Ixtok kept fur the purpose. 
Other particulars pertaining to the operation are entered houriy or half-hourly. There 
should be obtained every tirolve hours, samples of the ground seed and oil. These should 
be tested immediatriy for mdsturc. Eadi sample of grouitd seed is given two tests f<« 
oil, six tests for moisture; the oil sample is given one test for moisture. As a matter of 
course there will be <d)tained every twelve hours, as nearly as })osu!)le, tiic weight of seed 
run, the quantity of cokl cake mule, and the weight and measurement of oil made. There 
will be token throughout the run, every hour, a trimmed cake; while hot, tiie edges will 
be broken from this cake and the broken edf pieces preserved. Wlien twel^ cakes have 
been thus broken oif the broken pieces are thoroughly mixed, pulverised, and tested for 
percentage oil. This will show wheUier the trimming is what it should be. The 
general results of the run are calculated from the data obtained, and entored on a uni¬ 
form report. 

’ In some cases thb record is accompanied by charts tdiowing ram movements and 
the brbarior the dunge cocks, sinular to those of Fig. page 83. 



CHAPTER X. 

SHRINKAGE IN PBODHCnON. 

Shrioka^.—Specific examples.—Expianati<m8.-^3auae ai ^uinkai^e.'-’Mdatiire in seedi 
ml, and eake.—Experiraenlai results.—Relation to yield.—Cake is hygroso^c. 
—Influttice of method of tenpaing.—^Hedging against shrinkage.—“Working net.’* 
—Method for more accurately hedging.—Transportation losses.—Usual percentage 
oi dockage.—Example of proposed method of hedging.—General analysis.—Applica* 
tions to assumed conditions.—General fomiulas. 

One of the unrertain things in the linseed business is the shrinkage, 
that is, the difference iKitween the amount of seed crushed and the 
amount of oil and cake produced. B, for example, 100,000 pounds of 
material, including seed and dockage, is pressed, it is found when the 
run is completed that there have been produced something less thim 
100,000 pounds of oil and cake; the difference betwerai the two is 
known as shrinkage. In the past history of the industry there is no 
evidence that any attempt was made to determine from day to day 
what this shrinkage was. The mills reported each day the amoimt of 
oil and cake produced, which they assumed was equal to the seed 
crushed. The consequence was that at the end of the year thdr 
hooks would call for a certain amount of seed, which actual inventory 
would fail to find. On account of the difficulty of inventorying flax¬ 
seed m bulk this discrepancy was seldom discovered until the mill ran 
out of seed. It then became necessary for the manufacturer to 
charge up a loss which sometimes was sufficient to make the difference 
between profit and loss on his operation. The accurate invojtory of 
fiaxseed in bulk .storage is therefore a matter of vital consequence to 
the producer. Estimates as to what this shrinkage should properly 
amount to varied from I per cent to 4 per cent of the amount of seed 
crushed. 

Cases have been known of shortages exceeding 8 per cent of the total 
amount of seed charged to the mill. In one case there was experienced 
a shortage of 16,800 bushels of seed and 7800 gallons of oil, which was 
applicable to about 1,260,000 bushels of seed crushed. Ihe bw }deld 
141 
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of oil in this case was due to a mode of operation now known to have 
!)era wasteful. The mill had been audited some time before while a 
eonaderable quantity of seed was on hand. Some effort had been 
made to divide the seed stock exactly among the various tanks 
employed for storage, and it was assumed that a certain tank con¬ 
tained tlie amount of seed specified. What was contained in the rest 
of the plant was so small that an accurate inventory was easily possible, 
and this showed a seed shortage of .5972 bushels, an oil overage of 
7107 gallons, and a cake overage of 106,000 pounds. Such a rejmrt 
could not t)e considered bad from a .stand[)oint of idirinkage alone, 
but the yield of oil thereby indicated was decidedly unfavorable. 
However, the mill crushed the balance of seed in store, amounting to 
about 200,000 bushels. After this was done and the mill was out of 
seed, a further inventory was taken, resulting in the seed and cake 
“coming out" even, but the oil coming out 21,5(M) gallons short. 

'lire only explanation possible with this condition of things was that 
when the prior audit was made the laige tank full of .seed, the con¬ 
tents of which were assumed to be as per record, did not have in it the 
stated amount of seed. If this tank had 3000 bushels less than the 
record called for, and the mill had reported daily an amount of oil 
produced sufficiently greater than the amount which it did produce, it 
would have been quite possible for it to “come out” even on seed and 
short of oil, with a yield about one-half pound less than its records indi¬ 
cated, as shown in the following figures: 


Stated. 

Actual. 

7,491,804 

205,378 

19.87 

202,534 bushela seed on liaiid 
7.421,804 pounds cake produced 
522,000 pailoiu oil 

202,430 btishds seed worked 
19.35 yield 


Thus converting a 300{M)Uiiticl seed shortage into a !22,OOOga]]on oil shortage. 

The above instance exemplifies a conspicuous case of shrinkage, 
made more conspicuous, however, by incorrect reports of oil weight. 
A normal and reasonable amount of shrinkage would be a much 
lower per cent. Experience would indicate that 2 per cent, or say 
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nearly 1J pounds per bushel, is an ample allowance with Northwestern 
seed. 

The interesting question to tlie manufacturer is, what is the cause of 
this loss and liow may it be avoided P Some of it is no doubt due to 
sundry wastes in and about the mill, the slopping over of troughs and 
tanks, the tracking away of meal by the men, spills of seed, etc. 
These losses are very small. Shrinkage is due to the faet that seed as 
reeeived by the mill and as worked contains from 6 to 9 per cent of 
moisture, an amount which is usually not equaled by the moisture in 
the oil and cake sliipiM'd from the mill. Kliminating the small wastes 
due to careless handling, the general rule may lie expressed thus: 
that the .shrinkage is equal to the ditference in weight of the moisture 
in the .setsi and the total moisture in the oil and cake. It is pretty well 
c.stablishcsl that merchantable oil nintains practically no moisture. 
The ride may therefore lie reduced to the .simple form that the mois¬ 
ture m tiie cake must equal the moisture in the seed; and as the cake 
<sin.stitutes two-thirds of the weight of the seed, it is necessary for the 
peresmtage of moisture in cake to be half as much again as the jier- 
centage of moisture in the .seed — that is, seed contmning 8 per cent 
of moisture must produce a cake containing IS per cent of moisture 
if no slirinkage is to ensue. 

The writer’s tests indicate that cake contains normally from 8 to 9 
per cent of moisture. This is very much too low, for an average 
quality of seed, to “come out even:” however, a report from one mill 
.showcsl 11} per cent of moisture m cake; an English manufacturer 
rcjiorts 12 per cent obtainable. We estimate that if average opera¬ 
tion results in 8i per cent of moisture in cake made from S'J per 
cent .seed, the shrinkage would lie lietween 1} and pounds per 
bushel. Brannt’s text-book' give's an illustration of determinations 
of moisture in seed and cake from which we compute a shrinkage of 
1.4.5 pounds per bushel. These figures serve to strengthen the opinion 
that the shrinkage is simply a question of moisture in seed and cake.’ 

Since a high per cent of moisture in seed makes the possible loss 
greater, it seems logical to prefer for working that seed which contains 

1 Aniuud ctnd Vegetiihle Fats and OiU. H. C. Baird & Co. 

’ Peanut ol is found to be usually piuduml with a shrinkage of about i per c-mt, 
which figure closely corresponds with that to be anticipated from the relative percentages 
of moisturo in the seed and cake. 
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the least amount of moisture — that is to say, old seed. There is 
another advantage b having dry seed, in that the percentage of oil 
obtained m a commercial bushel is necessarily greater. The great 
objection to working old seed is the difBculty of tempering it properly. 
It is not as easy to obtam a satisfactory yield of oil from such seed as 
from newer seed. 

Tire only direction in which the manufacturer could hope to accom¬ 
plish anythmg toward the elimmation of .shrinkage would be by 
increasmg the per cent of moisture in cake. It has been established 
Ireyond any question that cake will alrsorb and lose moisture m accord¬ 
ance with atmospheric conditions. A change of 1.7 per cent in weight 
has iKsm observed in the lalioratory. Cake m hags has been found to 
lose 1.85 per cent from its hot weight during the first week, after which 
the weight remmns con.stant. By providmg appropriate conditions a 
sample of meal has been increased in weight per rent; another 
sample, lione dry, mcreased C.7 per cent in twenty hours: a sample of 
cake, also lione dry, mcTeased .8 per cent m forty hours. It is estab¬ 
lished Iwyond question that cake fresh from the press room contains 
superficial moisture which quickly leaves it. This amounts to from 
one-half to 1} jwr cent. Cake which is weighed hot, ju.st as it comes 
from the press room, gives an outturn on the other side of tlie Atlantic 
alx)ut .9 per cent less than on this side. Cake which is weighed half 
hot and half cold gives an outturn .45 per cent less. Cake which is 
dry-tempered and weighed partly hot gives an outturn .8 per cent 
less. By comparing these eases it would seem that the cake when it 
reaches the other side is reduced to practically a uniform per cent of 
moisture, and the amount of shrinkage therefore depends solely on the 
amount of moi.stuTe when weighed on this side — that is to say, upon 
whether it is weighed hot or cold. 

A problem pres.sing for immediate solutbn m this connection is that 
of the tempermg of meal. The advocates of tempering without the use 
of steam or water have claimed an equd or better yield of oil with less 
wear on the press cloth and mats and a better quality of oil. Whether 
these advantages are really gamed is a question. We have already 
seen that a low per cent of moisture in cake means a loss. The cake 
lieing drier weighs less, comparatively, than the cake from an equal 
amount of seed tempered wet. This makes the cake weight less in 
proportion to that of the oil, increases the apparent yield of oil, and 
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la^s the way to an excessive shrinkage. If the cake contains 1 per 
cent less of moisture than wet tempered cake, the apparent yield of oil 
will figure about 14 points (i.e., o{ a pound) higher than the 
actual yield; to be reduced when the mill runs out of seed and accurate 
measurements of stock are taken. 

A definite attempt to systematize results and avoid excessive short¬ 
ages at the end of the run has been successfully worked out by arbi¬ 
trarily “hedging” each day to an extent that approximately covers 
the assumed amount of shrinkage. It was found at the time this 
system was inaugurated that about If to 2 per cent of hedging was 
.sufficioit under normid conditions to quite eliminate shrinkage, and as 
this per cent about equaled the amount of the dockage in the seed, 
the method adopted was to ignore this dockage, assuming the net 
bu.shels of seed to be equal to the gross bushels of material. This is 
what is known as “working net,”* and while not a scientific or exact 
system, it did, where honestly and intelligently applied, eliminate file 
greater part of the .shrinkage. A better method, and one that will 
take into account all the varying conditions, must he devised. A daily 
determination of moisture in cake will be necessary to obtain exact 
rr.sults; a daily weighing of the amount of seed fed to the rolls will 
then enable us to absorb the shrinkage day by day instead of letting it 
aeeumulate at the end of the year. 

The facts which must be wmsidered in this connection are the 
transportation tosses, the per cent of moisture in the cake as weighed, 
the method of tempering, and the percentage of impurity in the 
seed. 

The tosses of seed during transportation to Eastern mills via the 
Great Lakes and rail, from Duluth, will average at least .1 pound per 
bushel. Their absorption by the mill will considerably increase shrink- 

' A typita! case of conwtina production by “working net" is subioined: 

Seed test, If per cent. Each bushd of seed contains, therefore, K pounds of flaxseed 
and .84 pound of impurity. Assume an oil product of 80,000 pounds and cake product 
of 30,000 pounds. The total product is then 50,000 pounds, ei|uivalent to 1000 bushels 
of seed (rushed. To this, however, we add per cent, or 16 bushels, equal to the per¬ 
centage of impurity, to offset anticipated shrinkage in seed. We then report a consump¬ 
tion (ff 1015 bushels of seed and a production of 30.000 pounds of oil and 86,000 pounds 
of cake, giving, per bushel, oil, 19,70 pounds, cake, 85.47 pounds, total, 55.17 pounds, 
shortage, .83 pound, or If per cent. By thus reporting a consumption of more seed 
than we have apparently cru^ed, we are offsetting shrinkage, to the extent el If per cent, 
in advance, showing a redneed yield now rather than at the end of the run. 
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age and decrease yield. Shortages in cake weight will average 
aixmt .3 pound per bushel, and they will serve to mcrea.se the amount 
of shrinkage. The ti'st of .seed — that is, the percentage of impuri¬ 
ties — appears to Ik‘ decreasing gradually from year to year. During 
the year 1902 to 1903 the average dockage worked at one mill was 
1.99, at another 1.78. During the following year it was at the former 
point 1.63, at the latter 1.70, and more reesmt .shipments, via lake from 
Duluth and thence to Atlantic (s)ints, .show average dockages about as 
follows: 

Mill (1) slightly over It jK-r cent. 

Mill (2) less than Ij psT eent. 

Mill (3) less than 11 per cent. 

Mill (4) less tlian 1J ])er cent. 

If the present method of hislging to the e.vtcnt of the percentage of 
dockage now eliminates shrinkage, we are then-fore gniduallr decreas¬ 
ing our “luslge," and the tendency will tliercforc be to a gradual 
increase' of shrinkage. 

I'hc following is a more sati.sfactory method for the correction of 
daily re)X)rts in preparing monthly statements, to cover probable lo.sses 
liy .shrinkage: 

1. CiniKider any kno^ii inomirac'ii's in figuring fttots) 

'i. Iiu'liide iruliMjKirbitiot] lusnes. if known. 

a. inclwlp effect of liod^iiK on tare weights of wike Ixigs. fl'liew* urc* often figured 
low.) 

4. .Vd<l for IfKis of cake inoistun* if wcigliing is <Ioiic liot. 

.">. Add for loss dne to dry Icnifiering. if any. 

(I. Assume neccftsaiy luuouiit <jf hedge to be per cent and add to dockage hedge h 
sufficient amount to cover. 

Assumed ('xuinple: 

Reported crushed, 100,000 bushelii; made, 260,000 gallons oil, 3,650.000 jiounds 
cake. 

1. Refinery foots worked, 3000 galloiLs, not credited to oil stock.* 

2. Average seed shortage on slupmciits, 8.3 bushels per 1000. 

3. AvCTJge gain of cake per Iwg on tans, 1 pound (Rags containing 350 ixjunds.) 

4. Moisture in cake, kwt between press room and sliipping scales, ^ to 1 per cent. 

.5. Cake contains 1 per cent less moisture than niHntal. due to tanf)ering dr\'. 

6 Average test of seed received, 1.41 \»f cent impurity. 

* Footfl are always carried in stock as oil. 
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The following are the curmiions necessary: 

1. Subtract from oil made . 

Leaving, wet . 

3. Subtract from cake made . 

4. Add to cake made . 

5. Add to cake made... 

Making net additions to (»ke. 

Making wet weight of cake. 

Oil, 257,000 gallons = . . .. 

Product . . 

2. Add for trans|x)rtatiui) loss . 

0. Deduct amount (rf mill hedge. 

^fakillg net deduction . 

la'aving consumption of material as 
caltnilated fnmi production 

6. Add to Uiis assumed necessary Iiedge 

Making aitual depletion of material 
Rqiiivalont to 


8,000 gal. (foots) 

257.000 gal. 

10,429 lbs. bags) 

18,250 lbs. (= (of 1 per cent) 
36,500 lbs. (= 1 per cent) 

44,292 lbs. 

3,694,202 lbs. 

1,927.500 lbs. 

5,621,792 lbs. 

18,552 lbs. («3.3bu. per 1000) 
79,268 IIm. (- 1.41 per cent) 

60,716 His. 

5,.561,076 lbs. 

97,319 lbs. (= 11 per cent) 

5,6.‘i8,395 lbs. 

101,043 bu. 


Stated Iteeultn. AcHmI RetvIU. 


Oil yield per bushel 19 501118. Oil yield per bushel. 19 08 

Prodiicti<Mi per bushel 58 00 lbs. Production |)er bushel. 55 64 

Based on the iincoirected results, inventory would show: 

Seed slant . bu. 

^Isliort, . ... S,000gaJ. 

('akc over . . 44,49* [\^ 


Note. -The above is based on the assumption (verified to some extent by experi¬ 
ence) tliat tlic amount of shrinkage is 1| per ceul. To reduce the calculation to a truly 
scientific basis, the per cent should be determined by dtoly determinatioiia of moisture in 

seed and cake, it being etpial to ^ .56 P- + .56, in which 

P •> {ler cent of moisture in the seed. 

S « per cent of moisture in the cake. 
f * pounds of cake produced per bushel. 

The subject of shrinkage, while rather complicated, nevertheless 
permits of general analysis similar to that given flie subjects of output 
and oil yield, page 133. Retaining the nomenclature there adopted, 
so far as it is applicable to this more exact tmalysis, we have 

= the average weight of the pressed cake, in pounds, 

N = the number of press plates, or cakes, 

H = the relative press speed, 

F = the number of pounds of cake produced per hour, 
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Z = flie number of pounds of oil produced per hour, 

P = the percentage of oil in the seed (in the gross bushel), 
T — the percentage of oil in the cake, 

W = the percentage of moisture in the seed, 

X = the pereentagc of moisture in the cake, 

V = the percentage of impurities in the sce<i. 


Assume that tlie oil wntains no moistun*. The following relations 
arc apparent: 

Moisture in the cake produced per hour, pounds. “ A'T + KM). 
Total weight of produet, per hour, pounds. = Z + >’. 

Dry seed crushed per hour —Z+Y — pounds. 

, /„ „ XY\ / KM) \ 

Total .seed consumed per hour = (* + i-11-- )■ (rounds. 

V K)0/\100-H' 

Total seed consumed per hour, in hu.shcls. 


\ KM)/\KM)-H7 


Yield of oil. pounds per bushel (sinsumed. 

Yield of eake. jxmnds per bushel consumed, 

[V 100/ Vioo - wii 

Shrinkage, pounds per bushel consumed. 


= S«- (2+ Y) + UX +Y 


.{(Z 


100/ \100 


)- r/J 


( 1 ) 


For Z = 2000, Y = 8600, X = 8, IF = 8, this becomes 1.9 pounds, 
or 8.4 per cent. By “working net,” as described on page 145, we would 
have reported results as follows: 

Production per hour, pounds, Z+Y. 


Consumption of seed per hour, pounds, (Z + Y) 
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Product in pounds per Imshrl, (Z + P)t-.|(Z + P) 
Shrinkage in pounds per l)ushrl 

The unhedged-for shrinkage would then ))e (1) — (8), or 

[“-<-'■>^(-■- 2 ) 0 }] 


For tlie values of Z, 1', A’, and fF atwvc given, f(>nnula (2) becomes 

.56-. For r = (>. .5, 1.. 1.25, 1.50, 1.75, 2., 2.50, 3.00, and 

1(K) H V 

3.4, this expression = 0, .28, .65, .68, .8.3, .96, 1.1, 1.37, 1.63, and 1.81; 
these last figures representing the shrinkages, in {smnds per bushel, 
provide)! agaiD.st by the form of hedging known as “working net,” 
when the values of V, or the percentages of impurity in the see<l, are 
.stabs]. Any manufacturer who desires to hislge by “working net” 
may thus, by ascertaining and employing the appropriate values of 
Z, y. A', and W, judge to what extent his method will eliminate the 
possibility of further sludnkage at the end of the nm. For the deduced 
value of formula (1) it would l)e necessary, in order that “working net” 
sliould entirely absorb shrinkage, to have formula (2) become 1.9, or 
the percentage of impurity in the seed would have to be over 8.4. 

The mfluence of shrinkage modifies the deductions made from 
formulas 1, 2, and 3, Chapter IX, in which formulas it was assumed 
that the production was 56 pounds per gross bushel. The more 
general relations resulting from the present analysis are as follows: 

Revenue from cake, dollars per hour, = FC + 2240 = CW^NH 
-i- 2240. 

Revenue from oil, dollars per hour, = ZO + 7.5. 

Cost of seed.dollars perhour, =(z + F- — ) ( -Hi. \ jg. 

\ 100/\100-IFA 100 / 
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Working cost, dollars per hour, = ^ + Y — ) K. 


(Screenings not removed before crushing.) 
Total cost, dollars per hour. 


. L + „ I Jfe + . 2) (-HL.) L. f, 

I 100 J Iv ml uoo - IT/ j 


. CW„NH ZO 

iTont per hour =-1- 

«««) 7.5 


r , 100 - FI f/, „ XY\ / 1.79 n) „ 

1(K) lOo) (i00-It)} 

The percentage of oil in the cake is derived as follows: 

„ .. , . . , SOP 

rounds of oil m one bushel of material --. 

100 

Pounds of oil produced from one gross bushel 

= Z + \{z+ Y-—)( U. 

100/ \100 - wli 

Founds of oil in cakc= .66 P-Z-^ I(z + T — 

IV lOO/VlOO-IT/J 

Percentage of oil in cake 

.sep-z-hl(z+ Y-—) I 

U loo/uoo-r/J 


= 100 


r.J(z + Y-m(-^)l 

U 100/ Vioo - wlj 


(S) 


For the exemplifying values, C = 22.40, IF, =14, N = 240, 
0 = .40, K = .10, B = 1.00, F = 3.4, Z = 8, IF = 8, P = 4.00, 
P = 38, we have, from formula (4), 

SS.GH + .0.325 2 - .0190 F- 4.00. (6) 

From formula (5) we similarly obtain as the percentage of oil in 
the cake, 

21.28 - 2 + {.01962 + .0180 7} 

7^0195 2 + .0180 rj 
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To rheck these formulas, we may take //= 1, F = 3360, Z = 1800, 
when we have, as the profit per hour, $24.39, the test of the cake being, 
from formula (7), 6.98 per eent. 

Formulas (4) and (5) are of perfectly general application to any 
standard-process crushing mill which runs its impurities through with 
tj^ sc-cd,. and enable any manufacturer who accurately knows his 
'costs, and can experimentally determine his po.ssible relations of out¬ 
put and yield, to fix upon that method of working which will letum to 
maximum profit. 



CHAPTER XI. 


COST OF PRODUCTION. 

CUsaification of uperatiiig expenaea.—Separation of non.comparatiTe items.-grouping 
of aperial aceoimta.—ThA analysis.—Freight and drayage on oil.—Daily reports.— 
Spedmen results.—Ideal Sgures.-Frequent shutting down of linseed mills.-Labor 
required for operation.—Cost of press cloth.—Programme of operation in five typi¬ 
cal mills.—Other costs than those of mill opemtion.—Records of cost.—Figurei to 
he used in calculating cost of oil.—General analysis.—Wages paid in liusced-oil mills. 

The moment we begin to rompure the record of one Iin.vee(l-oil mill 
with that of another, we find such differences in the conditions of 
operation that ihe results of the comparison arc confusing. Take a 
western mill producing bulk raw oil only, which it ships east in tank 
cars. Its etqtense per gallon of oil made, or per bushel of .seed crushed, 
is naturally much less than tliat of some other mill producing various 
grades of refined oil which it ships largely in barrels. We have already 
given data for eliminating differences in operating condition in com¬ 
paring yields of oil. We now discuss the reduction of comparisons of 
manufacturing cost to a true competitive liasis. 

The following is a general classification of the operating expense of a 
linseed-oil mill, not including the general executive or selling expense 
nor the cost of material (i.e.. flaxseed): 


Plant. 


Insurance. 

Miscellaneuus expeniie. 

Superintendent. 

Taxes. 

Repairs. 

Watchman. 

lighting. 

Press mate. 

Kiter cloth. 

Office ex^ieiee. 

Press cloth. 



Steam. 


Fuel. 

Piremen. 

Boiler and engine repairs. 

Water. 

Helpers. 


£u{;inccK. 

Handling cuu! aud ashes. 



IsABUR. 


liWemen. 

Temperers. 

Trimmers. 

Pressmen. 

Rollmeu. 

mteren. 

Molders. 

Cloth sewer. 

Seed deoners. 

Strippers. 

Truckos. 

Elevator men. 

Miicdlaneoufl. 

^pper. 
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SpKriAi. Accounts. 

1. Packers. S. Coopers. S. Boilinf; and reimiog labor. 

i. Cake grinders. 6. Ftllers. 10. Filtereis for spedoi oils. 

3. Teamsters. 7. Barrels and cooperage sup- 11. Bags. 

4. Freight and drayage. plies. 13. R^ncry supplies. 

8. Drier. 

^hc sepjiration of the “special accounts” from the others given 
■wrms the liasis for an intelligmt eomparison of the cost of operation. 
Item 1, packers, would be properly included under “labor,” if it 
were not that .some mills grind their cake. Bags (11) would be 
similarly treated. Cake grinding (2) includes all lalmr for grinding 
and bagging cake. This is properly chargeable, not against the 
expense of crushing seed, but, together with the cost of meal bags (II), 
against the premium obtained fop meal. If, then, we compared a mill 
grinding all of its cake with one grinding no cake, we should have in 
the latter ease a considerable item of expense for packers (1), fop which 
there is no correspondingly heavy item in the former case. The proper 
procedure is therefore to eliminate the item I from the crushing 
cost, deducting it, instead, from the gross price realized for the cake. 
Items S and 4 vary widely with market conditions at various points. 
Tliey am related, not to the expense of erushing seed, but to that of 
marketing oil; they enter into consideration whenever a price is 
quoted on oil delivered to the consumer; and they should therefore be 
deducted from the price realized for oil. Items 5, 6, and 7 are 
expenses incident to barreling oil. They should he charged, not 
against the cost of erushing seed, but against the increased price realized 
for oil in barrels. Items 8, 9, 10, and 12 should similarly be 
charged against the premiums realized for special oils. With these 
eliminations the charges under plant, steam, and labor form a proper 
basis for the comparison of costs in old-process linseed-oil mills. They 
represent the “elevator to tank” expense, or that necessary to place 
oil in tanks from seed delivered at the mill elevator. 

Items grouped as “special accounts” should, however, be carefully 
uialyzed with the same strictness that characterizes the analysis of 
manufacturing costs proper. Too many crushers group them and try 
to ignore diem. They may be classified as follows; 

1. Barrels, including supplies, cooperage, and filling. 

2. Bags and freight on cake and meal, including cost of grinding cake. 

.8. Freight and drayage on oil. 

4. Boiling and refining, including special filterers, supplies, and drier. 
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The above charges are not made against the seed crushed, but 
simpfy as a general charge against the commercial operation. It 
would be a very simple matter to classify vouchers to the above 
accounts. The information thus obtained would be of value if the 
crusher would apportion the charges, not against the number of bushels 
crushed, but against the work actually done. For instance, barr^s, 
cooperage, and lalmr employed for filling should lie figured to' so maii\,, 
cents per gallon of oil in barrels; bags, grinding cake, freight on cake 
and meal to so many cents per ton of cake; boiling and refining to 
so many cents per gallon of oil treated; freight and drayage to so 
many cents per gallon of oil shipped. Most mills possess practically 
all of the information neces.sary to obtain .such figures, the only change 
rr(|uircd in order to record then being that tiie.se .special account items 
be reclassified and charged to the particular account for which the 
money is spent. 

One reason why such a course ^ould be taken is tliat unless this is 
done these general accounts form a convenient dumping ground for all 
sorts of charges, and enable a dishone.st manager or a careless account¬ 
ant to obtain an apparently very low “manufacturing expen.se" which 
does not represent the conditions of the mill operation to the .slightest 
extent. 

The profitable operation of a mill depends upon all expen.ses, from 
.seed at Duluth or otlicr primary market to oil delivered to the cus¬ 
tomer and cake finally disposed of. A large item included svithin 
tiicse limits is that of freight on oil. Obviously, other things being 
equal, the more oil freight there is to lie paid on shipments from a par¬ 
ticular mill the less profitable is the operation of tliat mill, and in order 
to compare the entire operation of one mill with that of another we 
must know how the amounts of freight paid on oil shipped compare. 
In order to know this, all freight and drayage charges on every gallon 
of oil sold must be referred against the price realized. This can be 
done very simply and readily on shipments direct from the mill to a 
customer and, with a little more complication, on shipments from a 
mill to a tank station and then to a customer. The only complication 
that will come in will be where a tank statkm is receiving oil from two 
or more mills, in which case care would have to be exercised to see 
that any freight from the station to the customer is figured against the 
proper mill. In most cases this could be determined by considering 
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the kind of oil shipped. A tank station is not apt to carry the same 
kind of oil from two different mills, but where it does carry, for 
instance, raw oil originating from two or more manufacturing points, 
it is necessary to figure the total amount of raw oil shipped in to the 
.station from each manufacturing point over a given period, and from 
t^ to cofipute what proportion of the freight on any particular 
Slflipnient of raw oil from the station to a customer shall be charged to 
each mill. 

Every selling station, whether a manufacturing point or not, obtains 
a certain average price for oil sold. This average price de()ends on 
many factors, some of which, if not nnost of which, also affect the cost 
of operation of the station. For instance, by undeigoing certain 
expcn.s*-s for traveling a salesman might secure an additional cent 
per gallon for his oil. In order to have an adequate appreciation of 
what this increase in average prie-e means we should have with it a 
.statement of the expense undergone in order to obtain this higher 
average price. Similarly, freights paid on oil should Ire shown as 
again.st the average price obtained. If oil delivered at Jacksonville 
returns two cents more than oil f.o.b. Richmond, that additional two 
cents obtained .should only show in the average price obtained for 
Jacksonville sales on the condition that the freight paid on this also 
shows against Jacksonville .sales. It therefore becomes necessary to 
have a second cla.ssification of all oil freight expense as against that 
selling station or office which obtains credit for the price applying to 
the particular .sale in question. There is no difficulty involved in such 
classification. 

The most serious complication is that every freight voucher must 
Ire classified in two different ways. This is handled without risk of 
interference by having the acecrunting department keep one set of the 
records and the transportation department the other. 

Adopting the plant, steam, and labor items as those properly to be 
regarded as manufacturing costs chargeable against output, we readily 
arrive at intelligent comparisons. These are necessarily based on the 
seed crushed, sin<*e the product consists of two materials. Grst of 
operation must therefore be considered along with yield of oil. The 
necessary infirrmation for a daily knowledge of the economy of oper¬ 
ation Ls then as foQows: 
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(I) Seed crushed, in gross bushels. 

(4) Impurities in seed, per rent. 

(3) Seed crushed, in net bushels. 

(4) Oil made, gallons. 

(5) Cake made, pounds. 

(6) Per cent of oil in cake. 

(7) Coal burned, pounds. 

(8) Number of employees, classed under “labor,” with aggregate 
“lalwr” pay-ndl. 

(9) Yield of oil = Tj X (4) + S, or 7J X (4) -s- (1) if “working 
net.” 

(10) Ijalnr per bushel = (8) + (.3) or (8) + (1), 

(II) 0)al per bushel = (7) -s- (3) or (7) -i- (1). 

The last three items give all the information that can readily be 
obtained daily. The bushels crushed per man employed varies all the 
way from 40 In 140, making item (10) vary from $.0.5 to $.0083. Under 
more carefully supervised operation, the “labor” tnst per bashel has 
varied in one case from $.0193 to $.0416; in another from $.0173 In 
$.0416; in another from $.040.5 to $.04.38; in still another from $.0184 
to $.0190. An average figure is $.04; and if Uie average wage is $14.50 
per week of 74 hours, each man should produce 645 bushels weekly 
or 104 bushels daily, say in round figures, KM) buslieis. Figures as 
to yields have been given elsewhere. The coal consumption is usually 
much higher tlian it should Iw, .since not a half^lozen linseed.oil mills 
in the country have power plants that can be considered in any sense 
economical Fluctuations have been observed in item (11) of from 
4.34 to 14.40. The best plant averaged about 6.00. The correspond¬ 
ing fluctuations in cost of “.steam” are from $.0074 to $.0193 per 
bushel, with an average of about 1 e«it. The “plant” items are more 
variable, especially that of repairs. Insurance and taxes are usually 
subclassified. The remaining items are principally press cloth, the 
average cost of which is not far from one-half cent per bushel, and 
repairs. The total of the remaining items may be kept down to about 
1 cent per bushel, including press cloth and repairs, providing this last 
item is understood to include rutming repairs only (chiefly roll grinding, 
packings, mid labor) and not additions or replacements of machinery. 
Bough figures for plant, steam, and labor expense per bushel of seed 
crushed under the best operation are therefore 1,1, and 4 cents, or a total 
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of four cents. At many mills the cost is 50 per coit, or even 100 per 
cent, in excess of this. Much depends upon the speed of operation 
of the presses. One crusher, who practices rather rapid operation, 
consumed at various periods from 104 to 203 bushels of seed per press 
per day, the yield varying from 19.80 in the former case to 18.42 in 
Ui^pttcr. • ^ 

^ Linseed mitts are frequently diut down. In the earlier days of the 
industry, when speculation m flaxseed constituted its leading feature, 
such shut-downs were sudden, frequent, and sometimes protracted. 
At present they occur less often, but still they do occur.* At such 
times a certain amount of expense is undergone which can be logically 
charged only to manufacturing expense. Such expense includes the 
watchmen, lighting, power, the cost of shipping oil, etc. In four mills 
the “manufacturing cost” while out of operation ranged from $1000 
to $2000 [rer month, from 1 to 10 tons of coal being burned per day. 
Much of tliis coal was no doubt more properly chargeable against 
Iroiling and refining expense, but it is not customary to attempt the 
suirdivision of power costs against special accounts. When a mill is 
permanently closed and its seed, oil, and cake shipped out, the expense 
of maintenance of the property may he redueed to practically nothing, 
or just sufficient to comply with insurance requirements. Costs of 
cooperage and of Iroiling and refining are given elsewhere, as are 
data regarding the cost of grinding cake. A mill in operation usually 
requires a superintendent, from 1 to 10 repair men, and 1 or more 
watchmen. One foreman is required, in the mill proper, on each shift 
of 8 to 12 hours; tlie 12-hour shift is far more common. He is 
assisted, in larger mills, by a temperer, who attends to the heaters, the 
supply of foots thereto, etc. One man, with help within call, can 
attend to from 12 to 18 stands of tolls. The press gang, in standard 
practice, consists of three men for each group, pressman, molder, and 
stripper. One man can more than mend the press cloths for the 
largest mill. Witii automatic trimmers, one man to each machine is 
ample provision. One filterer, with a helper, can filter all the oil pro¬ 
duced in the largest mills, and in smaller mills these same men fre- 

‘ This condition happens to be vividlf represented by the figures tor oil-cake exports 
and receipts from the port of New York by months. Snee cake is not stored for any 
great len^ of time, the exports and receipts represent fairly closely the operating ood- 
diti<». New York receives oil cake from Bufialo mills, and exports, in additian to the 
Buffalo cidte, its own product. 
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(jurntly make the special oils. The expense of handling seed depends 
entirely upon the arrangement of the equipment. With automatic 
packers, two Ixsys and one man csm pack, sew, and truck to the scales 
all the cake that one machine will handle. The cost of labor for 8ring 
Ixiilers averages not far from .W cents per ton of coal. 

Prcss-cloth costs are apt to fluctuate wplely owing to tlie inW- 
mitteiit cutting of new cloth. These fluctuations may lie avoideS' ll^H 
inventoiy of cloth in use, as well as new cloth, in proportion to its 
estimated value, when preparing monthly statements. 

The following is a summary by days of the (sindition of operation at 
five mills during one year, showing some of the factors which result in 
intermittent activity in the oil business; 


()PEil.VnON »Y DAYS DITIUND ONE YEAR. 


>till 

1 

i i 


4 

1 

1 

j Total 

( IomnI pfmioiKMitly. 
(')iiHed. market 



1 


313 

i 

313 

tious... . 

m 

m 


30 


471 

(/ItMed for construction. 


3 

t 

1 ^ 



30 

(-'kaied by tin‘akdow'is 


1 



1 

1 

Closed by lalior troubles. 

1 




...1 

7 

Closed bv bolklaya. 
("IcMed by transportu- 

! 

1 

i 

3 


7 

don conditions. 


7 


IS 



Total da^ closed 

m 

174 

64 

m 

313 

K34 

Han at part capiadty. 
Tlan full cariacity.. 

w 

\aii 

146 

103 

m 


14G 

565 

'I'otol davs nm . . 


m 

m 

€31 


711 

Grand total . . 


318 

318 

313 

313 

1.565 


]ViT«ntagR of full o]>rratioii, 48. 


With the mill “working cost" of 4 to 8 cents per husbel, the actual 
cost of operation has only begun. Thus, in one example, the monthly 
cost of barreling exceeded the entire working cost; freight and drayage 
amounti'd to half the working cost; executive and selling expen.ses 
equaled the working cost. It is these items, which must ail be con¬ 
sidered in arriving at the cost of oil, that fead manufacturers to speak 
of the working cost as from IS to 30 cents per bushel, rather than from 
4 to 6 cents per bushel. As we have tried to show, the former costs 
include items which are not properly chargeable against the production 
of bulk oil. The logical method for the crusher to pursue is to set his 
price for bulk oil at such figure as is indicated by the “ plant,” “ steam, ” 
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«id “labor” working costs, plus any general and undivisible executive 
and selling expense, the expenses for cooperage, boiling, refining, 
freight, drayage, cake bags, and cake grinding l)cing estimated for 
each particular instance. In one mill, which crushed 6i)1,3S2 bushels 
■on 12 presses during the year 1896, making 8/6 and 7/6 chimges per 
hour, a yer^good output ■^en for a new mill, the costs per bushel were 
jhllUfied as follows: 


Interest and discount . 

. i oiss 

MuK*eiianeoiis expense . 

.00«« 

Fuel . 

. OOM 


.... (W45 

Insurance 

. . . .... 0024 

Executive and Ncllinf; 

0125 

UarreU 

. . 0278 

Cake IwgH 

. . 0091 

latgs . 

. . 0014 

Drayage . . ... 

. . ,0003 

Sui^lira.. . 

. 0015 

Taxes . . 

.. .. 0014 

doth . . . 

. 0032 

'rotal 

... . 1 11*4 


Of this total, at least $.0386 was properly ehargeable against special 
accounts, leaving $.07,88 as the working cost to be used in arriving at 
the price of oil. In imother mill the corresponding total cost ranged, 
during nine successive years, from $.1107 to $.27S.8 per bushel, the 
high figure being due to expenses for eonstruetion charged against 
opr'ration; the average imder usual conditions ranging from 16 to 18 
cents. 

Since the dates of the statements given, costs of labor and materials 
have widely changed; yet with improved methods of operation it is 
probable that the total cost of producing bulk oil and cake from seed 
delivered at the mill averages well under 8 cents per bushel. Crushers 
may use a figure approximating this, or a 20 to 80 epnt cost, repre- 
sentirrg every expense of whatever nature, in arriving at a price for their 
oil; but if the latter figure is used, the price of oil will be one at whidt 
oil in barrels will be sold too cheaply, oil m tanks will be quoted too 
high, consumers will not pay their proportion of freights, and the 
cost of produemg special oils will improperly affect the price of raw ciL 
This is not good business. 
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Knowing the working cost, then, as defined in one way or the other, 
we have only to add it to the cost per bushel of seed delivered at the 
mill, to subtract the revenue derived from the cake, and to divide the 
remainder by the oil yield in gallons, in order to obtain the cost of 
the last. Or, 


If iB = cost in dollars of one liushel of .seed, f.o.b. mill, < 

W = nist in dollars for working one bushel of seed, 

0 = pounds of cake produeisl per bushel of seed worked, 
0 = pounds of oil produee<l per bashel of seed worked, 
K = value of cake per ton of 2000 pounds, f.o.b. mill, 

X — cost of oil per gallon of 7.J pounds. 


V 2(K>0/ 7..5 


The table in the appendix shows the cost of nil thus calculated for 
various prices of eake and seed, ami working costs, assuming a produc¬ 
tion of 10 pounds of oil and 37 pounds of eake per bushel. Such tables 
are laigely used by crushers for checking their more accurate ealeula- 
tions. The assumed yield of oil is of course on the conservative side. 

The average wage- jtaid m linseed-oil mills for the semi-skilled lalmr 
employed in the mill proper is generally from $11.00 to $14.00 per 
week, or say from 15 to 20 cents per hour. In three mills the average 
rates for "lalmr” as classified in this chajrter were $11.51, $11.77, and 
$12.53, re.speetively, per man per week. In one 10-pre.ss mill the 
force numlcered from 31 to 33 men, crushing nearly 2(KK) bushels daily, 
including manager, superintendent, machinist, general laliorer, two to 
four men on cars, etc., and the following men on each 12-hour shift: 
one c-ngineer, two pressmen, two molders, one stripper, one trimmer, 
one temperer, one fireman, one and one-half packers, one elevator 
man, one cooper.* 

The careful accounting for material is of more importanee than the 
record of costs of operation, since the cost of the seed itself represents 
from 75 to 85 per cent of the value of the &iLshed product. The seed is 
handled as a cash item, but the accoimf is kept in a special ledger. 
The unit is the bushel of 56 pounds, or the 56th fracUonal part of a 
bushel. The clean seed and impurities are separately recorded. 

' Statistics of average wages paid in iinseed^i] mills may be found m the nineteenth 
annual report (1904) of the United States Commissioner of laibar. 



CHAPTER xn. 

UPERATION AND EQUIPMENT OF TYPICAL MlLia 

Must milln pru])erly subject to critidsm.—Details leganiing the milt illustrated in Fig. 1. 
—An (H^ress mill.—Its equipment in detail.—Excessive roll equipiueot.—Low 
munlrer plates per press.—^ITunsual grouping of presses.—^Rolls tm sersmd floor.— 
Power equipment—Tide-water location.-Evolution of trimming methods.—Vari¬ 
ous mediuds of oitemtiou.—Auxiliary buildings.—A 40-presa mill.—A 15-presa 
mill.—A lO-press mill.—A 12-preas cake-grinding mill.—One of the older mills. 
—Old-style change blocks.—Metbuds of oiwration.—A flO-press mill.—Defective 
arrangement—Grouping of presses.-Various methods of operation.—Hydraulic 
system.—Power plant.—Inadequate roll equipment-Hydraulic operation.—A 
typieai tank station.—An English mill.—Proper power equipment for a linseed-ial 
mill. 

A PRBn-iMiNART dpspription of Utp usual pquipiupnt of linseed-oil mills 
has Ix'pn given in Chapter I. More detailed information regarding 
the machinery is presented in the chapters describing the various oper¬ 
ations of oil crushing. We now consider some typical mills, with par¬ 
ticular reference to tlie arrangement of the departments with respect to 
ecxmomical operation. Much adverse critieism may lx* expected, since 
most linseed-oil mills represent the re.sults of gradual growth and are in 
no sense what the original builders intended they should be, or what 
the present owners would like them ta be. 

The mill illustrated in Fig. 1, faring page 9, may be regarded as a 
good example of modem installation, having been recently built and not 
being the outgrowth of a smaller mill. Li plan this mill forms a rec¬ 
tangle, one story high, the power and hydraulic equipment being in the 
upper left-hand comer, the press room in the upper right-hand, and 
the cake room occupying the entire lower half, excepting for a few oil- 
storage tanks in one comer, where the filling of oil is done. The seed 
elevator and storage tanks are adjacent to the comer contmning the 
power equipment. Seed and coal are received from the river, and 
side tracks run on two sides of the mill. The one-story constmetion 
and the comparatively open press room are desirable features; the 
lack of provisim for storage of cake in large quantities vs unfortunate. 

IGl 
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Fig. 47 shows the general arrangement of buildings at one of the 
largest mills in the country. This contains 84 presses in IS .sets of 7 
each, having an aggregate of 1888 plates, 36 stands of 8-high 14 by 48 
inches single-belt idler-drive crushing rolls, IS S-high 7S-inch heaters, IS 



double hydraulic cake formers, 8 4-crank belt-driven hydraulic pumps, 
and S pairs of SO-ton accumulators. Power is ftimished by four water- 
tube high-pressure iwilers, which supply one 18 and 36 by 48 inches 
Hamilton-Corliss tandem compound condenang engine at 81 r.p.m., 
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which drives the main mill; one 24 and 14 by 24 inches Westinghouse 
vertical cross compound condensing engine at 280 r,p.m., which oper¬ 
ates the elevator and the conveying machinery from the seed tanks to 
the mill, and one 0 and IS by 9 inches Westinghouse vertical cross 
compound engine driving a 40-kw. lighting generator. The engines 
are surface pondensin^ .A 1000-gallon Underwriter fire pump is used. 
Aegood machine shop is provided as an auxiliary to the power depart¬ 
ment. This contains one 20 inches by 10 feet engine lathe, one IS inches 
by 6 feet engine lathe, drill press, emery grinder, power pipe cutter 
(2j to 0 inches), etc. A small generator, driven from the ttrain line 
shafting, illuminates the mill during the day, permitting of shutting 
down the larger lighting unit. The main mill building (No. l)'is a 
three-story structure, 73 by 85 feet, built in 1867-68. It has stone and 
brick outer walls and Interior timber construction of spruce and white 
pine. It originally constituted the entire mill, the press room being at 
the soutli end, and the balance of the building being used for cake and 
oil storage. At the present time the seed cleaners and storage bins 
occupy the top floor, the second floor contains the rolls and the grotmd 
floor the presses. Hiis arrangement is bad, subjecting an old and 
rather light building to enormous weight on its top and second floors. 
The seed bins alone hold 12,000 bushels, or 336 tons. Hie building is 
so wide that intermediate posts were necessary between the side walla. 
Two intermediate rows of such posts were installed, the space between 
them being unused on the top and second floors, and occupied by the 
cake tri mm ers on the first floor. Betwe^ each two rows of posts and 
the two corresponding outer walls there were placed, on the first floor, 
two lines of 21 presses each, with six heaters tietween the two lines 
the formers standing adjacent to the heaters; on the second floor two 
lines of 9 roll stands each, and on the top floor two compartment bins 
bolding 6000 bushels each. Each bin is supplied by an 88-fcx)t length 
of IS-inch iron-cased screw conveyor from the fljur Huntley sifters or 
seed cleaners and their wooden discharge elevators. 

As the rolls are above the heaters, no elevators are required between 
the two. Screw conveyors cany the meal from each three rolls to their 
proper heater. A system of gratings and screw conveyors imder the 
press-room floor carries trimmings, sweepings, etc., to two central 
points, from which two elevators raise them into two of the heaters. 
It would be better if this material were distributed among all of the 
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heaters. Foots are eared for in iron drums until delivered to the 
heaters. 

The excessive numl)er of rolls in proportion to tlie number of presses 
may l)e justified by the advantage of havmg one of the three stands 
of rolls provided for each set of pre.sses in reserve for grinding. A 
less justifiable ireeuliarity is in the small numHer of pla'“s per press, 
the average being only 10.5. This results, of course, in a small output 
j)er press. It was due In tlic fart that many second-hand pres.ses were 
available at the time the mill was reeonstrueted, a.s a result of the tli.s- 
continuance of operation at .some other mills. The grouping of the 
presses in sets of 7 was unnsual. There happened not to lie ro<ira for 
four'sets of C in the row'; the numlier of presses available was ample; 
and it was thought that the additional press in eaeh set, by giving a 
longer interval briwts'n pressings with a given numlier of changes per 
hour, might favorably inflnence the yield of oil. .;\n e<|ually giod yield 
with an immen.scly greater output might have Ireen obtaimsl by a 
belter arrangement of the pres.s(‘s and an increase in the number of 
heaters. 

The tbree-story eonstnietion with a rsmseriuently low pre.ss room 
made the latter a disagreeable place on atrount of ixmr ventilation. 
.4t the .same time it w'as freejuently draughty and several sets of preascs 
were uniformly subjected to the detrimental influence of cold blasts 
of air. 

The location at tide-water offered lioth advantages and disadvan¬ 
tages. It facilitated shipments and receipts, of course. Seed, coal, and 
empty barrels were received direct from boats or l)arges towed by the 
comjiany’s lighters; oil cake and oil were sent out similarly in its owned 
or chartered Ixittonis. 'Phc expense of loading shipments varied, ef 
fs)urse, with the ri.sing and falling tide. A water-front loeation always 
leads to some small losses from petty thieving. 

The trimming at this milt, after abandoning hand work, was origi¬ 
nally done by automatic trimmers located in the press rtmm, from 
which the cake was trucked to automatic packers in the cake house. 
Later on, kith trimmers and packers were placed in the ciike house. 
Tliis led to delays in trimming, reabsorption of oil from Uie tmtrimmed 
edges by the cake, and a heavy loss of oil while the cake was m transit 
from press to trimmer, finally, the trimmers were located in the press 
room, and as there was no room for the packers in that location, a link 
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belt conveyor carried the trimmed cakes to the packers in the cake 
house. 

Hiis mill has operated at various outputs, varying, probably, 100 
per cent, witii various metliods of operation. It has been run at half 
capacity (42 pre.s.sps), as a 63-pre.ss mill, and as an 84-preiB mill. The 
changes pej nour havtf' keen, usually, .sk or seven; and at one time six 
okanges were made on five presses of each set, tlie remaining three 
groups of two pre.sses in each set on each fine forming a fourth set, 
operated by a gang of men who moved from one to .the other, drawing 
their supply of meal from each of the three heaters in turn, and forming 
Uie cakes on the .spare sides of the tlircc double formers. This arrange¬ 
ment put the irutput up to the maximum which the mill ever obtained, 
though .still less than a goo<I output from modern 18 to 20 plate presses; 
but it involved endless (smfusion, eoinplieation, and annoyance. 

The shipping and filling room contains four direct-acting steam 
pumps for oil, one rotary oil pump driven by a vertical steam engine, 
and one air pump for the sprinkler system, l)e.sidcs the usual outfit 
of .scales, all in an iron-clad frame building 32 by 165 feet, one story 
in height. 

The cake house contains eight iron oil-.storage tanks on the side 
adjacent to the filling room, the engine for unloading coal, and three 
scales of one-fourth, 2, and 10 tons capacity respectively, in a building 
104 by 18() feet. This liouse also (smtains the rakc-grinding equip¬ 
ment, including a Williams D36 grinder of 90 tons nominal daily 
capacity, an 80 horsepower motor, a wooden elevator carrying the 
ground product to tlie overhead 42 inches by 16 feet screen, and an 
iron-enclo.seri screw conveyor which delivers tlic screened meal to the 
storage bins. 

The three tank storage houses are respectively 52 by 63 feet, 40 by 
55 feet, and 38 by 46 feet in size. The last is three stories high, the 
otliers one story, with high ceilings. 

The refinery is an iron-clad frame building 5] by 50 feet, two story. 
The arrmigement of buildings is fairly good, considering the fact that 
the plant is a reconstructed one. The power equipment is properly 
located, and (oal received at low cost by an overhead automatic rail¬ 
way, the car of which is fed by a hoist boom taking coal from boats. 
The automatic railway discharges into a coal-storage house 21 by 
54 feet and 40 feet high, from which coal is chuted directly into the 
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rhargini; car miming on tracks in the boiler room. A 4000-pound 
Fairbanks scales serves to weigh the cars of coal. Seed passes quite 
directly from storage tanks to mill building. The latter has three 
exposed sides, while the cake house amply profits by the water front. 
Spare for empty barrels, with a dock for their i wigt, is convenient to 
the coojier shop, and the latter delivers barrels i strai^t ranway to 
the filling room. •. 

Brief data regarding other mills may lie of interest. One mill oper¬ 
ates 40 presses of ?4 plates each. The presses are in groups of 10, and 
18 pressings per hour are made on each group by 6 men. The eake, 
which weighs 18 to 13 pounds, has been found to contain a high 
percentage of screenings. A large proportion of the cake is ground. 
These presses have too many plates, 80 Iieing about the maximum 
number that men can readily handle. The making of changes per 
hour is practieaQy equivalent to J. rather faster operation than is 
generally practiced, but not necessarily detrimental to the yield. 

An old mill in Chicago contains 15 presses in 3 sets of 5 (five was 
once a popular number for a set), 3 heaters, with the auxiliaiy 
machinery, driven by a 800-horsepowcr engine, and supplied with 
steam from 8 horizontal boilers. This mill is not now in operation. It 
formerly emshed, with its 818 press plates, 1750 bushels daily. Its oil- 
storage capacity was 616,000 gallons, seed storage 800,000 bushels, and 
cake md meal storage 1800 tons; corresponding to operation for 140, 
114, and 88 days respectively. 

A now dismantled Eastern mill, equipped with 10 bare-plate presses 
eoiitaming 83 plates each, crushed the high daily average of 8000 
liushels. It held 375,000 gallons of oil, 300,000 bushels of seed, and 
only 75 tons of cake. The building was arranged on a rectangular 
plot, the long east side paralleling the railroad switch. The seed 
elevator was at the northeast comer, the diminutive cake and meal room 
next, and then followed the mill building proper to the south. This 
comprised the boiler house and engine room on the east, with the press 
room on the west, the two being flanked on the north by the roll 
room. TTie presses were in two groups ot 5, each served by a heater 
and former. Smali storage buildings were located in the southeast 
comer of the yard, and the cooper shop in the southwest comet. The 
oil house (inside tank storage and filling room) was in the center of the 
plat Outside oil tanks lined the western fenee. There was ample 
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room for more cake storage, but practically all of the cake was ground. 
There were i .stands of 48-inch 5-high rolls, a 95-horsepower Buckeye 
engine, two horizontal boilers, and two Lawtber geared hydraulic 
pumps running at 33 r.p.m. Two high-pressure and one low-pressure 
accumulators were ein^loyed. The heaters were the TB-indi size, 
two-hi|^. - A single filter press, having iS 30 by 30 inches square plates, 
was used. Besides the outdoor tank storage and that in the nil 
house several small tanks were located in the basement of the main 
mill building. Hydraulic formers were used, with frames by 
23i inches, inside. Trimming was by hand, llie old-.style hydraulic 
wntrol, with a nest of hand change valves in one block for the entire 
set of 5 presfies, was used. 

Another mill, which grinds ail of its cake, contains It presses in i 
sets of 0 each. Ten are 19-plate Buckeye presses and two arc 16-plate 
Callahan. Double mats, 17 by 37 inches, and 14-mch camel's-hair 
press cloth are used. The trimmed cake measures inches by 31J 
inches, and weighs 12j pounds. Four 5-high stands of rolls running at 
110 r.]).m. grind the seed. The heaters arc 3-high, 7S inches. Double 
hydraulic formers are u.sed, and a rotary trimmer. All of the cake is 
ground in a bar grinder running at 1400 r.p.m. IVo filter presses are 
used, practically for raw oil alone, one having 29 32-inch square plates, 
the other 34 30-inch square plates. The storage capacities arc; seed, 
165,000 bushels; oil, 700,000 gallons; meal, 3000 tons. The hydraulic 
pumps are the old Lawther geared power-driven type, making 88 r.p.m. 
at the pinion shaft. Power is supplied by two 72 inches by 16 feet 
tK)rizontaI boilers, operating at 90 pounds presssure. The mill is 
driven by a 16 by 32 inches Bass Corliss engine at 81 r.p.m. It has 
crushed 2400 bushels of seed daily, but averages less. The arrange¬ 
ment of the buildings is on a rectangular plot, the north side frontii^ on 
the street, while one track enters from ttic west, traversing the cajter 
of the plot, and another, from the south, separates the mill building 
proper, on the east, from the cake house on the west. The power 
apparatus is at the north end of the one-story mill building, the seed 
elevator and seed-storage tank at its south end. He oil house is on 
the south side of the pfot, midway of its length in an east and west 
direction. Scales are used to weigh the seed between storage tank 
and milL Barrel storage is in the basement of the oil house, on the 
main floor of which the coopers are located. Three men are used on 
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owh ot the two pres.s gangs, with one spare man to do all of the trim¬ 
ming. Two men mold eake on the double formers, while the third 
man fills the pre&ses. When the press is filled, one of the molders 
strips the eakes whieh have been withdrawn while the other sweeps 
up. This is a rather more liberal allowance of Ijlxir than is customary. 
Two 14-ton accumulators are used, the pres-sures carried being .1750 and 
500 pounds. The presses have automatic change cocks, and lifts are 
applied to the upper 5 plates. The press cloth is the Perkins Ola 
diagonal weave, weighing 4 pounds per yard. The arrangement of the 
press room is as follows: aecumulators in the northwest comer; rolls 
along the east side, with supply bin overhead; rotary trimmer on the 
west side, with trough for .sliding cakes from the two sets of prcs.ses. 
The presses and heaters are arranged in two groups symmetrically 
with respec-t to the east and west center line of the building, the mws 
of presses being nearest this esmter line and paralleling it, and the 
heaters set back of the presses toward the north and south walls. 

Fig. 48 gives the plan and perspective views of a mill which has been 
more or less tsintinuou.sly operated since 1879. It contains 40 presses. 
Seed is received from Buffalo by rail, and is delivered form the storage 
tank, as required by the mill, by merms of the .screw csniveyois 
shown. The elevator is in the center of the tank, and is of tsrurse 
housed in. Tire seed bins are on the sc-eond floor of building 6, the 
lulls on the first floor, driven from a jack shaft in the basement, directly 
operated from the main engine in building 5. The prc.sscs are located 
akmg the north and east walls of building 5, forming an 1.,-shaped 
arrangement. The four heaters form a second L, imside that made by 
the presses, three of them forming its long north side and two the 
shorter east side. ITie rolls are in three rows of three stands each, 
"nie trimmer is in building 6, just west of the press room. In the 
southeast comer of this portion of building 6 are the hydraulic pumps, 
a most inconvenient location. The press room is one-.story, as it should 
be, but is low and has praetically only ope exposed side. The seed- 
storage capacity is entirely inadequate for a mill depending upon rail 
transportation alone for its supply. 

The nine stonds of 5-high rolls indude 4 16 by 60 indies, 1 40 by 60 
inches, 1014 by 54 inches and 3014 by 48 inches chilled-iron rolls, ample 
equipment for the press capadty. The heaters are 74-inch, two-hi|^, 
with open tops. The three hydraulic pumps are the Lawther duplex 



OPERATION AND EQUIPMENT OP TYPICAL MILLS. 169 

power gear drivm. The presses are controlled by automatic change 
cocks, excepting that five of them have the old-style nest change 
J)tock. Three filter presses are used. A laige amount of refined oil Ls 
made at this mill, and buildings 1 and 2, partially devoted to tliis man¬ 
ufacture, contain a rather elahoratc equipment of tanks, pum)>s, and 
filter presses. Some dJ these tanks are provided with exhaust steam 
pipes for heating the oil, a feature which is especially commendable in 
spite of its infrequent occurrence among cru.shers. The fonners are 
the Lawther single hydraulic. A rotary trimmer was installed, but 
has lieen discarded in favor of a French automatic trimmer with a 
pre.ssure bbwer for remo^'ing the cuttings by suc-tion. A Nonpareil 
mill grinds the trimmings. An automatic cake packer is used. A 
small amount of cake is ground by an improved Foos mill. The two 
accumulators arc of 12 hms capa'ity each. They are locatisl in the 
engine room, thus t)cing entirely removed from the hydraulic pumps, 
a nio.st undesirable arrangement. The press cloth used is 16-inrh 
Perkins 61a caniers hair. Be.sides raw oil, this mill produces a 
bleached nil, Imiled oil, a dark and a light vami.sh oil, and serves as a 
distributing tank station fur various special oils manufactured in the 
West. Its |X)wcr equipment consists of iHirisontal tubular boilers 
equipped with Hawley down-draft furnaces, an Allis-Corliss engine, 
IS by 42 inches at 78 r.p.m., a Noye high-speed engine driving a 10(1- 
light lighting generator, and a small engine driving the seed-handling 
mac-hincry. Water is pumped from an arte.sian well by a Worthington 
pump, and fed to the Inilers by either of the two duplex pres.sure 
pump.s. A Buffalo fire pump of 750 gallons per minute capacity, 16 
and 9 by 12 inches, is installed. 

This mill has operated at various capacities, sometimes making 
seven pressings per hour on five presses, sometimes 7 on 6, with 3 on 2 
for the two presses which were omitted when operation was on three 
groups of .six. The customary method of operation in the latter case 
was to have three gangs of three men each, who operated the three groups 
of .six presses each, and two additional men, who operated the two odd 
presses. These two men trucked their own stripped cake to flie 
trimmer, where one man did the trimming for twenty presses. A 
total of 12 men was thus employed, the average number of changes 
per hour being 1.2. When operating on a J basis, two men only 
were used on each of the four press gangs, but two extra men were 
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furnished for the entire room, to truck the cakes to the trimmer. 
Eleven men thus made 1.2 changes per hour. The relative labor 
expense was therefore less when making | changes, while the yield, 
of oil should have been the same, so far as the time interval may have 
been expected to affect it 

One of the most poorly arranged mills in th% country, while at the 
same time one that produces exceptionally good results in yield of oil, 
started some years ago as a 20-prrss mill. It now contains 50 presses 
and is of course badly crowded. It has 960 plates, or an average of 
19.2 per press. It stores 5.60,000 gallons of oil, 2,500,000 bushels of 
seed, and 1620 tons of cake and meal. The press specifications are as 
follows; 

Five have 18 plates each, no lifts, and double hair mats. 

Fifteen have 18 plates each, lifts, and single hair mats. 

Twenty.eigbt have 20 plates each, lifts, and single hair mats. 

Two have 20 plates each, lifts, and single hair mats. These two 
are not usually operated. 

The mats are 16 by 36 Inches, weighing 7i pounds. The press cloth 
is the Perkins 94P 16-inch heavy renter, and runs five weeks without 
breaking.' 

The miU is on an irregularly shaped plot, a four-stoiy building at one 
end containing, from top floor downward, the seed bins, rolls, shafting, 
and press room. At the other end of the plot is the oil house, which 
accommodates coopers, fillers, and tanks; while l)etween is the cake 
house. This has one railroad frontage, as has also the oil house. Oil- 
storage capacity is oitirely inadequate from a commercial standpoint. 
Seed storage is ample by reason of fee presence of a modem elevator, 
owned by the crusher, on an adjacent plot of ground. The roll floor of 
fee four-story building contains two lines aggregating nine stands and 
two longer lines aggregating sixteen stands of crushing rolls. A load 
of not less than 500 pounds per square foot is carried on this floor. 
The shafting floor contms cake elevators of fee link bdt type, by 
means of which fee stripped cakes are carried up from fee press room, 
a link bdt conveyor taking fee cakes from fee elevators, and two French 

‘ TbU heavy-coiter doth is found in fj^eneral practice to give results as to cost rather 
infeiior to tboae found with the 61a, besides resuHiiig in the production of a slightly 
lighter cake. 
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trimmers and packers. The press room proper, on the ground floor, 
has a low ceilmg and three exposed sides, and is ventilated by a 48-inch 
blower. There are five rows of presses, ten in a row, with six heaters 
conveniently arranged in rows of two each between the first and 
second and third and fourth rows and between the fifth row and the 
wall, with two additional heaters awkwardly focated as extensions of 
the first and second pairs referred to. The hydraulic pumps and 
accumulators divide with these two heaters the space along one side 
wall. The engine room adjoins the press mom on one side. 

The first and second rows of presses, totaling twenty and served by 
three heaters, afford two groups of seven and one of six. The third 
and fourth rows are similarly grouped. The fifth row has two groups 
of five, served by two heaters. The presses are thus grouped in sets 
of five, six, and seven. Usually seven changes per hour are made on 
the six and seven press sets, and six chmiges on the five-press set. 
This makes the average pressings per hour 1.08. Equal output is 
secured, at the unimportant cost of a reduced time interval on some of 
the presses, by not operating the single odd press in each of the four 
seven-press sets. More frequently, however, two of these odd presses are 
operated with the two five-press .sets, thus giving a longer time interval 
on the latter, and the remaining two are discarded, this arrangement 
utilizing 48 presses in eight sets of six, making seven changes per hour. 
This would be unquestionably the best method of operating the mill 
if it were not for the extremely inconvenient location of some of the 
heaters mid formers with respect to the presses. The hydraulic con¬ 
trol is by means of ttie objectionable nests of hand-operated change 
valves. As these are in nests of five, two for each line of presses, their 
operation with press sets of six involves even more than the usual 
amount of inconvenimee and hazard to the oil yield. 

Power is supplied by high-pressure boilers. The mill is driven by 
a 300-horsepower Westinghouse vertical cross compound engine, a 
19 by 48 simple Corliss engme at 60 r.p.m., and some smaller equip¬ 
ment. Horizontal independent jet condensers are used. An electric 
generating set furnishes light Eight Lawther hydraulic pumps of the 
duplex geared type are used. The heaters are two-high, open top. 
The formers are Buckeye single hydraulic, with frames by SJJ 
inches. Four filter presses are used; one 32-plate 30 inches square, 
two 33-plate 30 inches square, and one 29-plate 24 inches square. Two 
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I8-h)n high-pressure accumuktors and one 12-ton low-pressure are 
used. A 13-pound cake Ls made, measuring, trimmed, 13^ by 34 
inches. This is packed in 29 by 30 inches bags holding 317 to 320 
pounds. With the automatic French machines, 600 bags are packed 
per 10 hours on each packer. Automatic barrel fillers arc used, 100 
seconds lieing required to fill a barrel under gravity flow of oil. Tire 
worst feature of equipment is in the rolls. Only nine stands are of tlie 
proper tyjie for linseed, being 14 ami 16 iuehes in diameter by 48 inches 
long, running five-hi^ and at 150 r.p.m. The remaining sixteen 
stands arc three and two high flour-mill rolls, 9 by 24 inches, running 
350 to 450 r.p.m., and are entirely too light. With such ecjuipment it 
Ls difficult to see how even reasonably g(»d yields can be obtaincri. A 
mil grinder is kept in constant ojx^ration, and the nine stands of lin- 
.seed rolls undoubtedly work at abnormally high capacity. 

The arrangement < f the hydraulic system is as follows: there are 
eight pumps, two high-pressure, two low-preasure, and four combina¬ 
tion high and low pic.s.sure. The two low-pressure pumps .supply, 
thnmgh a small accumulator, the packers and formers. The remain¬ 
ing pumps discharge from the high-pressure cylinders through the two 
18-ton mcuuiuktors to the pre.s.ses. The k)w-pressum cylinders of 
the combination pumps di.scharge direct to the p^cssl^s, no aemmuktor 
Iwing employed. This is an injudicious omission, and the low-pressure 
on the pre.sse.s varies from ,350 to 750 pounds. Better results would lie 
.secured if a low-pressure accumulator were used luid all the pumping 
equipment worked as one system. 

A typical tank station o>n.sists of a rectangular building adjoining a 
railway siding, with outside oil storage in oonnection. One end of tlie 
building is used by the coojiers, the other end for filling. The center 
of die building contains in.side storage tanks. A shipper, an engineer, 
and a cooper operate the station. Automatic barrel fillers are employed 
and square five-compartment filling tanks hold the various grades of 
oil for filling. 

A typical English mill at Boston, Lincolnshire, which crushes linseed 
among other seeds, produces, with linseed,' a cake containing about 12 
jK-r cent of moisture and the same amount of oil. The cake b soft, as 
preferred by English feeders. Yields of 126 to 131 pounds per quarter 
(416 pounds) of .4rgentine seed and of 138 pounds per quarter (410 
pounds) of Calcutta seed are claimed, corresponding to 18.8 and 17.2 
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pounds por bushel of 56 |X>unds. 'ITii.s, with a IS per cent cake te-st, 
would make the percentage of oil in the seeds, respectively, 89.0 and 
41.6, figures which, though high, are not unreasonable. Woolen 
liagging is used for press cloth, and is stated to cost not over Sjd. per 
ton of seed, or less than $.OOS per bushel. This Ls less than half the 
usual cost of press cloth in this country. The presses have malleable- 
iron plates, corrugated crosswi.se, without mats, the gap lietween the 
plates iK'ing *| inche.s. The low-pres,sure hydraulic system operates at 
800 pounds per square inch, and it is usual for the oil to start flowing 
slightly while in the former. Two men turn out 72 rakes per 40 minutes, 
weighing lOl pounds each, trimmed. Each stand of rolls grinds seed 
for 72 plates. This would Iw considered too small an equipment in 
rolls in tliis country. With 12 per cent < f moisture in the cake, there 
is a slight ovemin in production on the usual seed; which confirms the 
analysis given in the chapter on Shrinkage in Production. 

The ideal power equipment for a linseesi mill is a subject permitting 
of extended discussion. Other factors than that of cheap coal govern 
the location of oil mills, but it fortunately happens that many desirable 
locations for a cru.shing establishment are at the same time points 
where fuel is comparatively cheap. It therefore fallows that producer 
gas power, which depends fi)r its advantiq;e upon a relatively high 
price for coal, is rather less adaptable, in general, than steam power 
for the requirements of an oil mill. Steam has other advantages, also, 
which make it, other things Iwing equal, more desirable than the more 
convenient form of power which may be purchased from outside for 
electric driving. 

The main mill, comprising rolls, hydraulic equipment, heaters, trim¬ 
mers, and packers, with the auxiliary machinery, runs practically 24 
hours at a load almost uniform. It should therefore Ire driven by the 
most economical and reliable steam engine obtainable, preferably a 
horizontal cross compound of the detachable-gear type, which ^uld 
be opended condenring. Electric light should be furnished by a direct- 
connected high-speed generating set. As this will operate at night only, 
it is not desirable to use its exliaust for heating, and it should con¬ 
sequently be also run condensing. The same argument applies to the 
separate engme which should be installed for operating the seed eleva¬ 
tor. This last department should not be driven from the main engine, 
on account of its intermittent demand for power. It may be dther 
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directiy or electrically driven, according to its distuice from the engine 
room. A small dynamo should be driven from the Imc shafting of 
the main engine to supply the small amoimt of light needed during 
the daytime, thus permitting the shutting down of the .separate 
lighting unit through the day. Small outlying power requirements, 
such as those of the cooper shop, filling nmm, refinery, filtering room, 
may be supplied by either electrically driven or direct steam driven 
machinery, the latter Iwing employed to a sufficimt extent to furnish 
an adequate supply of exhaust steam for wanning buildings, heating 
and Iwiling oil, and for heating feed water. The main mill, and the 
hydraulic pumps, if power-driven, sliould be directly driven from the 
jack shaft of the main engine, which should be loratiHl accordingly. 
Some eleetric transmission is in most cases neeeasary, and the necessary 
generator may be either direct-connected to the main engine, at the 
side of its fiy wheel, or belted from the jack shaft. For engine coonomy, 
high-pressure boilers should lie used. Oil pumps, if not .sti-am-driven. 
may be either of the plunger or the rotary type, the latter lieing per¬ 
missible where no close regulation of pressure is required. Ample 
pn)vision for exhaust steam requirements mmst l)e made, else live steam 
will have to be used to meet such requirements. The steaming of 
the heaters, blowing out of filter pre&ses, and the heating of oil for the 
processes of Iwiling and refining can all be done by exhamst steam. 
If the supply of the latter from outlying machinery is impracticable 
without long transmissions of live steam to such machinery, then it 
may prove besit to use steam-driven hydraulic pumps. The vacuum 
sy.stem of circulation will prove more satisfactory than tlie common 
gravity return system. The boilers should Iw supplied by brass- 
fitted outside end-packed duplex heavy-pressure pumps, taking their 
supply from an open feed-water heater. To this heater should be led 
the condensed steam from the engines, drips from the exhaust system, 
and sufficient exhaust steam to raise the temperature to the boilmg 
point; or an economizer may be used to fupply feed water, in which 
case very much less exhaust steam need be provided, and the hydraulic 
pumps may in all cases be belt-driven. If hard coal is used for fuel, an 
insuffident chimney draft may be supplemented by a small forced-draft 
fan, which should be so operated as to produce practically atmospheric 
pressure in the furnace, and automatically regulated. With soft coal, 
ample combustion space should be provided. Mechanical stokers 
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will save labor when soft coal is used. About 10 horsepower per 
press of capacity represents the indicated horsepower to be developed 
by the engines under average conditions. The mill should have fire 
pump, hydrant, and automatic sprinkler equipment The last may be 
the “dry” system in buildings like the cake house which are ordinarily 
not heated. The main mill building, containing the press room, vriQ 
be sufficiently warm, when operated, in winter, without artificial heat 
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—^The intemieiliate separator.—New-pna-ess meal.—Cost of buildings.—Other suli- 
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Disfaisal of cake.—^Advantages of the expeller.—Details of constriietion. -The oil 
pnsliKssl.—Sundiy considerations.—The Lawtiicr automatic milling dcvhs*.— 
Enro)a‘an jiractue. 

From S,*? tn 95 per cent of the linseed oil produced in the United 
States is niaiiiifaetured in suhstantially the manner deserilteii in the 
forejroing chapters. The slight differents-s in method at various 
estahlislunents involve modifieations of opt-ration rather than of equip¬ 
ment and are laqpdy due to variations in (snnmereitd (smditions. 

An inereasing amount of seed Ls being eni.shed by other than the 
.standard or “old” process. Foremost among the.se new pmee.sses is 
that of ]>cr(s>iation by a volatile .«)lvent, as formerly prattieed at Ix'ith, 
(’leveland, Detroit and Toleilo, and at pre.sent opcratrsl at Chicago in 
one laige mill. In this last mill the seed is first coarsely ground in two 
stands of rolls, one a Iiawther, 15 by 48 inches, the other a Callahan, 

15 by 48 inches, Ixrth five-high and running at 80(1 r.p.m. It is tlien 
heaksl to a temperature of alxrut 180 degrees in two large fiat plate 
open driers, to drive off the moisture, and is earrhsl into storage in the 

16 overiiead bins of 1000 bushels capacity each. From the bins, 
quantities of 1000 bushels at a time are dumped info the percsflators, 
of which there are 16, IS feet 6 inehes in diameter and 14 feet high. 
The percolator, like the press in an oldcprocess mill, measures the 
capacity of the works. Ordinarily the entire process of percolation 
oecupics nearly 3 days, or al»ut 6 percolators are discharged daily, 
making the capacity of the mill about 6000 bushels daily. This would 
correspond to the average output from about 40 presses, so that each 
of the 16 percolators is equivalent in output to about 8J presses. The 
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pennlators are simply strong jacketed kettles with openings properly 
reenforced. 

^ Naphtha, received in tank cars, is drmned into an underground 
storage pit, from which it is pumped, as needed, through a coil feed 
water heater. The naphtha passes through the coil while exhanst 
steam is circulated through the shell, and the farmer is thus raised in 
temperature so as to increase its solvent power. The hut naphtlia is 
then run into the perts>lator, on top of the 1000 bushels of roarsc 
meal. Th" naphtha di.s.solves the oil contaitml in the meal, jmst as 
the .solvent alxsorks oil when testing the percentagi’ of oil in cake, 
and tlie .solution of oil hi naphtha is allowed to drain off. ’lliis 
solution passes to tlie “treating tank," which is practically a surface 
(sniden.ser. Here it travi'ls through tulics on tlie outside of which a 
steam pressiiro of from 1 to 24> puumls is maintained. This Ixiils off 
the naphtha from the oil, and the latter, in the form of vajior, is carriisl 
to another «mdcn.ser, where isild water is circulated in cmiling pipes 
aliout which the naphtha passes and (smdenses. This proce.ss con¬ 
sequently reclaims Hie naphtha, wliich is now rotumed to its storage 
pit. Tlie oil from the treating tank then pas.scs to an open tank, where 
it is sulijected to high temperatim* luid agitated liy an air blast, in 
onler to free it from any slight oilor of naphtha. 

.After drawing off the first run of oil imd naphtha from the iwnsila- 
tors, the latter are again sealed ami live steam blown into them. 
'J’his increases the temperature, and the naphtha alisoihs a little more 
oil. The steam and naphtha vapors then pass to a condenser from 
the top of tlie pt'resilator, while more oil, in solution in liquid naphtha, 
drains off from the liottom. Tlie latter solution goes to tlie treating 
tank, etc,, as before de.serihc<l. The vapors from tlie top, after con¬ 
densation, are run to a large settling tank, in which the water ami 
naphtha arc separated by gravity. The former, lieing very pure, is 
uses! for hoiler feed. The latter is run to the storage pit. 

Sometimes the oil and naphtha are run to a treating tank which 
discharges its naphtha vapors to a vacuum pump. This results in the 
reclaiming of the naphtha at low temperature, a feature which results m 
the production of a lighter oil, lietter adapteil for refining. The percola¬ 
tors arc “dumped” after the last solution has been run off, and the hot 
meal (cont^ing about 20 per cent of moisture) is dried on open plate 
driers and shipped in bags, either as discharged or after a fine grinding. 
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During the latter stages of the operation in the treating tank live 
steam is blown directly into the oil. This results in a large expendi¬ 
ture of steam, 1500 gallons of steam having been found to be condense}! 
per ISOO gallons of naphtha liberated. 

It cannot be disputed that the products of the “new process” arc 
received by consumers generally with .some reluctance. The meal, 
particularly, is objected to on many grounds. It contains very little oil, 
one test showing only 1.26 per cent. Stock-raisers also fear the 
naphtha, not realizing that the manufacturer cannot afford to sell 
naphtha at meal prices. The old pr>‘judice against the oil is dying 
out, particularly in view of the fact that one of the liest light varnish 
oils known is produced entirely from new-process oil. Only lalwratory 
examination suffices to dcU'rmine quantitatively any difference between 
properly treated new-process oil and ordinary raw oil. There are 
slight physical differences, more apparent, perhaps, to the consumer; 
hut they are as often favorable to the new-proccss oil as to that manu¬ 
factured hy crushing. The percolation .system has been looked upon 
with disfavor, and no doubt involves some danger to life and property. 
Many of the older plants have blown up or burned up. The use of 
naphtha, particularly in the form of vapor, carmot be other than 
hazardous. Realizing this hazard, the care and attention given to 
.safeguarding the property results in a comparatively small numlx^r of 
accidental fires or threatened fires; but any serious conflagration would 
probably result in the total destruction of the property. 

The following is a comparative estimate of the items of income and 
expenditure prepared by an advocate of the new process. The item 
“Plant” includes fixed charges on an investment of $367,500 in the 
case of the new-process mill. The oil and cake values are figured on 
the basis of No. 1 NorUiwestern seed containing 3& per cent of oil. 

COHFARATIVG ESTIMATE ON OI.D AND NEW PROCESS MILLS, S.OOO BCSUELS 

DAILY CAPACITY, WORKING 2.10 DAYS PER YEAR UNDER BEST CONDITIONS. 



Old Ppocesjj.' 

New Proceai. 

V]aA . 

$ 91,035 - 

$ 66,108 

Labor. 


28,175 

Matmal. 


2,274,000 

Steam . 

u.m 

20,950 

Oil value........ 

1,881,600 

2,116,800 

Cake value. 

742,560 

688,880 

Net income. 

230,420 

426,357 
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The actual “Plant, Steam, and Labor” costs per budiel, including 
the cost of naphtha lost, ranged in one mill from $.0504 to $.0898 per 
bushel, over a period of five years, with an average under good 
conditions of about $.06. This compares not unfavorably with the 
cost in an old-process mill of equal size. When we consider fihat 
the new-process meal contains about 4 per cent, or 1.5 pounds, 
less oil tlian old-process cake, making the average oil yield about 21 
pounds instead of 19.5 pounds, it is apparent that the new process 
presents a considerable advantage in manufacturing economy. With 
oil worth 50 cents per gallon, an increase of 1.5 pounds in the 
yield is equivalent to a decrease in the working cost of $.0133 per 
bashel. This may, however, be offset by discounts in the price of 
meal or oil. 

The cost of naphtha is a leading item in the cost of the new proce&s. 
A small {wreentage is always lost. It is desirable of course to keep 
this percentage down U> the lowest possible point. This feature, with 
that of danger from naphtha escaping as vapor into the air, has ksl to 
occasional attention given the process by inventors and promoters. 
Cadwn tetrachloride has been suggested as a suljstitute for naphtha. 
Ether and carlsm bisulphide are too expensive, arc explosive, and the 
latter would untloubtcslly affect adversely the quality of the oil and 
mi-al. Tlie percolation system has been applied to the extraction of 
com oil and has been at least suggc.sted for the reclaiming of wool 
grease. 

The cs)st of steam, in the new proceas, has Iteen at least double that 
which is obtainable with the standard method of (crushing. This cost 
could, however, be greatly reduced. During several test runs the 
con.sumption of csral per percolator of approximately 1000 bushels 
ranged from 20,310 to 24,0,50 pounds. Some power measurements 
showed the impact mill used for grinding meal to consume 68 horse¬ 
power; a 24-ineh attrition mill, on the same service, 27 horsepower; a 
car puller (.starting), 43 horsepower. 

Tlie basis for any thorough comparison of working costs with 
those of an old-process miU depends upon a correct method of 
cla.s.sification. In the new process no pressmen, molders, or strippers 
are employed; no press cloth is used. The classification of labpr is as 
follows: 
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Plant. 

Mill office employees. Repair mw 

General mill expense. « 

Steam. 

Unkading coal and loading ashes. Bhigine and boiler repain. 

Engineers. 

Foremen. 

Labor. 

Percolator men. Treating-room fwce. 

Filterers. Roll men. 

Spgcul Ac'COUNIM. 

Boiling and rdining. Coopen. 

Grinditig meal, including ba§^ng. 

Filling and shipping. 

The details of e<{uipment in one new-j)ro(*e.ss mill arc as follows: 

Se^'en Tii-inch horizontal boilers, with rluimicy 7 feet by 120 feet. 

One 20 by 48 inches Corliss onpne at 73 r.p.ni. 

Eight tmiall engines. 

One 18 by 10 by 12 inchw* fire pump. 

Sixteen percolators 13 feet 0 inches l)y 14 feet. 

Two 24-mcli Cogswdl attrition mills for grinding meal. 

Two Smifh-Vaile filter presses, eacli with 50.32-in(b s({uare plates, 

One Jttimson filter press, with 50 30-inch square plates. 

Two Wrifdtt aihI T^iwthcr filter presses, one with 50 30-inch plates, the otlier with 36 
plates. 

BcHidcs the aiwve an important feature in the economical operation 
of the mill is the “ Intermediate Separator,” patented by L. D. Vorcc, 
IDOl. This is a form of surface oonden.ser, installed between the per¬ 
colators and the treating tank. The steam and naphtha carried off 
after ffie second stage of percolation enter the tulies at a temperature 
of aliout 925 degrees. Into the shell of the sep^ator i.s brought the 
solution of oil in naphtha which has left the bottom of the percolator 
at a temperature of about 100 degrees. The solution is consequently 
boiled by the waste heat in the tubes, and some of the naphtha is 
driven off, while the vapor in the tubes is partially condensed. As 
both operations are performed by heat which would otherwise be 
wasted, steam is saved in the treating tanks and in the operation of 
finally condonung the steam and naphtha vapors. The oil entering 
the shell of the separator contains alx>ut 75 per cent of naphtha, the 
steam entering the tubes from 50 to 80 per cent. With this equip¬ 
ment about 720,000 pounds of naphtha may be reclmmed per day by 
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the treating tanks installed, and the consumption of steam is decreased 
to one gallon per 4} gallons of naphtha reclaimed. The separator 
contains 1300 square feet of heating surface. 

The percolators are of the square-bottom type. Partially hoppered 
bottoms would reduce the cost of labor for dumping out the spent 
meal. 

The analysis of new-process meal is stated as follows: 

New-Pramg ileal. 


Per Cent. 

. 1 SO 

W«t(T . 0 18 

Ash 4 00 

Pil'w 0 04 

AlbuininoifU 41 

Carlxihydratch ... . . 33 78 

Tilt ■! . 100 00 


The meal is advertised to contain from 1.5 to *.5 per cent of oil, and 
not less than 40 per cent of albuminous matter. 

The cost of gcHid milt buildings for a new-proce.ss plant is altout 
as follows, JKT 1000 bushels of daily capacity: Percolator house, 
!|i35,000; meal house, $10,(XH); treating house, $7,500; boiler house, 
$6(XX): naphtha storage, $,3(K)0; cooperage and filling house, $4000. 

A large part of the oil is necessarily subjected to speeial treatments, 
in onler to make it find favor in the market, comparatively little lieing 
sold as raw oil. ITie leading new-process speeial oils are the refined, 
the varnish, and the P.M.P. These are di.scuased elsewhere. 

For many years crushers have endeavored to find a substitute for 
the hydraulic pres-s,- necessarily intermittent in its action. The first 
practical meehanical pre&s for the continuous extraction of linseed oil 
was built alrout five years ago by the V. D. Anderson Company of 
Cleveland. Several of these presses are now m successful operation. 
There is a plant of nineteen of them at Cleveland, another large plant 
at Montreal, one of seven presses in Chicago, another of twelve presses 
now being installed in the same city, with a large number of single- 
press plants at various points. Several of the Anderson machines are 
used in the South for expressing cotton-seed oil. A twelve-press linseed 
plant has just been completed at Milwaukee. In all of the plants 
mentioned the continuous tempering apparatus, to be described later, 











182 


UNSEED OBL 


U empbjed. A perfectly uniform temperature of meal up to 100° F. 
may be maintained, with an unusually uniform yield. 

Hie writer tested one of the first of the Anderson machines in 
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1909-04 on whole (unground) and uncooked seed. Even at that 
time yields of from 15.84 to 16.40 pounds of oil had been obtained 
under these cimditions. The writer’s tests gave less favorable results; 
but the recent improvements in the machines with regard to details of 
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oonstniction have so iscreased their rigidity and strength as to give 
greater capacity and more efficient extraction. A capacity of 8 bushels 
per hour is now guaranteed on tempered meal, with a cake test not 
exceeding 8 per cent, and sometimes falling nearly as low as 5 per cent 
The Anderson machine, an illustration of which is givm in Fig. 49, 
subjects the whole or ground seed to the end thrust of a powerful 
worm. Its operation is continuous and automatic. One man can 
easily cate for ten machines, and the labor cost is consequently largely 
eliminated. Fig. SO illustrates a press room containing a row of ten 
of these machines. Fig. SI gives the principal dimensions of one 
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“expcllcr” of .standard .size. Fig. S2 shows tlie expeller, with auxil¬ 
iary machinery, consiiding of a .small stand of rolls and a continuous 
heater, fornung a complete in,stallation, for a angle machine, 
llefcrring to Fig. SI, the pressing of the seed is performed in a per¬ 
forated hardened steel cylinder, in which revolves a shaft, carrying a 
.series of hardened steel screws, so arranged as to produce a gradually 
increasing pressure. The degree of pres.sure is regulated by the cone 
at the end of the cylinder. The oil is expelled through the perfora¬ 
tions of the cylinder, and drops in the oil strainer, and from th^ce 
into the pan A. The foots accumulating in the strainer are fed auto¬ 
matically into the elevator B, which returns them into the feed hopper. 
The pressed cake is discharged at the opposite end of tire c^inder at 
the point C. 
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Fig. 52 shows the front elevation of a eomplete one-expeller oil plant. 
The seed is spouted into the roller mill D and from there elevated into 
the tempering apparatus, and after pas.sing its mtire length, drops 
into the hopper of the expeller. This makes an entirely automatic 
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and continuous operation from the moment the seed enters the mill 
until the oil is pumped into the filter press and thence into the barrel 
or storage tank and the rake sacked or fed into the grinding mill. 

When a {dant of several expellers is wanted, it is desirable to use the 
type known as the “end-drive” expeller, shown in Pig. 5S; this 
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expeller lends itself more readily to being arranged in rows, as several 
machines can be driven from a single overhead line shaft. 

^ All seeds can be pressed cold, and without grinding, but the best 
results are obtmned by flattening and breaking up the seeds in a mill, 
coni)>osed of two rollers, and then slightly wanning the meat in a tem¬ 
pering apparatus, before introducing it into the expeller. In this way 
is obtained the maximum yield of oil. 

The oil as it comes direct from the machine, lieing cold, may he at 
once pumped through tiie filter press, and at the ^d of the day’s run 
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or at any time during the run the operator can tell exactly the yield of 
filtered oil that is la-ing obtained from the material under treatment. 
No settling tanks are required when using this process. 

The meal is ordinarily warmed only to 140° F in the tempering 
apparatus, whicb is not a sufficiently high temperature to soften the 
albumen, and this consequently remains in the cake. The oil which 
is produced by this low-temperature treatment, like eold-pressed oil, 
will not “ break,” i.e., it remains perfectly dear at a temperature of 
500° F., which makes it valuable for paint and varnish purposes. As 
to the cake, the larger percentage of albumen referred to above makes 
it more valuable, while the albumen is more easily digested in its raw 
state than when cooked. More thoroughly cooked seed may of 
course be pressed, thus obtaining a yield more nearly equal to ffiat 
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secured by the hydraulic process. Less horsepower is required for press¬ 
ing cooked seed, and a larger quantity of seed cim be pressed per hour. 

Besides the saving in labor, the expeller uses no press cloths. Hie, 
continuous tempering attachment makes tlie tempering and the yield 
of oil comparatively uniform. The expeller has a capacity of about 
8 bushels per hour, somewhat greater than that of the average press, on 
crushed and cooked seed. It consumes alxiut 10 horsepower, about 
the same as the power con.sumptinn of the hydraulic press mill. lake 
the process of pen olation, the expeller process possesses Imth advantages 
and disadvantages over the old process, the advantages, in the case of 
the expeller, rather outweighing the disadvantages. Its prime feature 
is that it permits of linseed crushing on a .small scale, with a limited 
capital investment, by paint and varnish manufacturers, at a rela¬ 
tively low manufacturing co.st. It requires little space, no founda¬ 
tion, will produce a full yield even if not continuously oixeated, a’ld 
produces an nil suitable for varnish making without subsequent treiit- 
niciit. Hie cost of producing limscesl oil is, however, so laigcly affcctc d 
by other considerations tlian the ex|i(‘nse of running the mill, that the 
widespreiMl nianufactiire of their own oil by paint grinders and varnish 
makers need not Ik‘ looked for. Hie best reixirted yields with the 
expeller pnicess do not ecjual tho.sc' obtainable under the most favor¬ 
able conditions in the hydraulic mill.* 

Kefereiic'e has been made to tlie im|irovement8 in old-proeess equip¬ 
ment |>rc)posecl by A. B. lAwther, page SI. In this process the flax- 

' A profitable mode of operation of tlie AlldenHiii machine is in the prcsluetion of eold- 
pressed oil and around flaxseed. On whole, uncsKikcsl seed, tlie minimum yield is newer 
less than 19 pounds of oil. After settliup, this oil is of a brilliant color, and does not “ lireuk.” 
The nsidoal cake ran lie run tlinmiih the old-imieess mill in the reaular way. In some 
cases it is mixed with equal quantities of around flaxseed. T]he latter course is more 
profitable, if legitimate. The cost of seed being taken at $1.19, and the working cost nt 
$0.96, the total cost is $],3R. Kor a production of 19 pounds of oil and 44 pounds of 
cake, the oil at 50 cents per gallon returns HO cents per bushel, leaving the cost of cake 
$0.68 for 44 pounds. It marketed as ground seed, the cost of banding, grinding, and 
mixing amounting to about $0.93 per 44 pounds, the total cost of the ground ** seed 
thus produced is about $0,018 per jiound, a low figure. The cold-pressed oil bleaches 
nearly water white nt a tempecatuiv of 600® F. The “ground flaxseed” is of fine qual¬ 
ity such as cannot be produced from whole seed alone at prevailing prices. The daily 
capacaty of the machine operated in this way may be conservatively set at 9 barrels of 
cold-pressed oil and 90 barrels of ground flaxseed. 

The United States Pharmacopoeia provides that “ ground flaxseed ” shall be recently 
prepared and free from unpleasant or rancid odor. “It is a grayish yellow powder eon- 
taining brownish fragments and when exhausted by carbon disulphide should yield not 
leas Chen 80 per cent of a fixed oil, all of which is saponifiable. If 0.1 gramme of ground 
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seed first goes through the crushing rolls and is then conveyed to the 
heaters, where it is thoroughly steamed and agitated, and by an elevat¬ 
ing device is carried over into a cake-forming meal tub, where by the 
pressure of a plunger through an opening exactly the size of the cake 
the meal is pressed downward on a table. The underlying cloth is 
drawn over the cake and folded by a mechanical device, no hand labor 
being required up to this point except for the laying of the cloth on the 
pressing table. The table moves automatically to the press, where by 
means of nippers the cake is pulled from the table into the press and is 
ready for eompressinn. As fast as the.se various operations are per¬ 
formed the maehineiy is reversed by its own mechanism and immedi¬ 
ately begins a new cycle. 'Hie proec.ss is continuous, and is controlled 
by the amount of .seid that is fed into the rolls for crushing at 
the beginning. It does not ap|>ear to have yet been practically applied. 

Oil eru.shing in Europe is generally by means of hydraulic pre.s.ses, 
the machiiiery being modified from the tyjx-s common in this country 
mainly on aecseunt of the inc'reased percentage of oil carried in the cake. 
European mills arc cake producers rather than oil producers. Tlie 
|)re.s.scs are without mats, having brands in the plates, which arc ribiK’ct 
cms.swise. 'I'he low hydraulic pre-ssure- is alxrut 800 |xnuids, rather 
higher them is cu.stomaiy on this side of the Atlantic. Rather light 
cakes aie made. Tlic men handle alsmt the same numla-r of cakc-s 
per hour as in this country. 

lirannt's Animil and Vegetable Fafx and Oilx esmtains a list of 
Unitcsl Stales patents from 17110 to 1887 describing methods and pro¬ 
cesses for the e.xprcssion. cxtrachon, and treatment of oils, 'fhis list 
should la- .suggestive to the inventor. 

fkssec-cl lie Iwatal witli ai r.<-. of -icate to boiling, then coolccl and liilutcsl witli cold water 
to 1110 C.C., the addition o? Ji c.c. of iodine should not produce more tlian a pale blue color 
{limit of starch)." 

According to the United States Dispensatory. “ damaged flour or other starchy material 
Is often introduced in grinding, and is at once detected by the microscope or iodine teat, 
'rhe commonest sophistication is the substitution in wluile or in jiart of the linseed meal 
used as cattle food, made by grinding up linseed cakes left alter the expression of the oil. 
This is detected by the less oily appearance of the mass and by tlie reduced percentage 
yield of ml (less than *5). To restore the appearance mineral oil is sometimes added, but 
file saponification properties have thus been lost or impaired. In commerce the percentage 
of impurities is roughly determined by shaking in a muslin bag. The impurities settle in 
the conical point. Foreign seeds and earthy impurities should not exceed 4 or S per cent 
and are often less than 1 per cent. Occaaonally they amount to 45 jier cent or more. 
Such seeds consist chiefly of mustard and rape and their relatives. Sand and small stones 
may be present, due to imperfect cleansing.” 
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THE SEED CROP. 

The flax plant.—Rax fiber.—Cidtiwtion trf flax.—“Flax-aick” Use of formalde¬ 

hyde.—IVifessor Holley's investij^tion.—Flax does not require an especially fertile 
soil.—<irowiDfj flax.—The flux scc<l—Analjwds of seed.—Yield of seed per acre.— 
Cultivation of flaxseed in tlie United States.—Westwaiti movement of the crop.— 
Statistics of tiie lins^ industry in this country —The world’s crop.-Russia.— 
Uritisli India.—The Ai^tiue.—Cwmumption of flaxseed in various Kurupeun 
countries.—Derivation of their supply.—Details of the flax en^ of the world.- 
Wastc of the fliicr.—Method of prv^iarution of filler.—Possibilities utilisation of 

seed and filler.—EeoiMiinio con8(H|uenceK. 

Tiik flax plant l)elongs 1o the natural order of linacw, subdivision 
hnum usitaiinumum.' llte twig terminates in a gloliose capsule, 
aliout one-fourth inch in length, containing five cocci, in <»ach of whicli 
Hit* two .scetls. Thest* are llie linset*d of coininerco. Tlie plant is an 
annual, growing from 20 to 40 inches high. The seeds vary in length 
from oiie-.sc*vcnth to one-fifth inch. Tliere are numerous varieties of 
flav, the jiarent fieing unknown. It i.s grown in the central, westt‘m, 
and northern parts of the Unite<I States, Canada, the Argentine 
Republic, Uruguay, India, Russia, and, on a small scale, in most 
European countries. 

The plant was formerly used for filler only, and classification was 
made with regard to consklerations of filler value. In Europe the plant 
is cultivated with a view to the utifization of both seed and fiber, the 

' It has a thread-like ttq) root, spariuj^ly supjiHed with tender limnriies. The leav^ 
are sirople, narrow, entire, and nearly sessile. It has p«fect, symmetrical, rather con¬ 
spicuous blue flowers, all parts being in fives. The rarpds, however, are divided by a 
fdse partition, hence the capsule or seed bull is usually ten-celled and ten-seeded. The 
seeds are botnnicaliy dewTlbed as "lenticular, oxnpiiessed, with a anooth polished sur¬ 
face, varying in etdur from yellow tu dark brown, liidit brown being the standard color." 
The average germination of flax seeds is about 85 p^ cent The Canada Station found 
the detrease in viability during five years to be as follows: 81,82,75,49, and 26 per cent. 
The endoBpenn which surrounds the embryo is comparativriy thin, and in mature seeds 
contains no starch. — FVom The Forage and Fiber Cropa tn America, by Prttf. Thomas 
F. Hunt. (Orange Judd Company.) 
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oil from the seed being of comparatively low value. The harvesting is 
done before the seeds have reached the stage where the percentage of 
•oil is at its maximum. In this country, in the Argentine, and in India 
flax is raised for the seed only, and the percentage of oil in the seed is 
higher. 

For the cultivation of flax, land of firm texture on a moist subsoil 
is regarded as Irest. lineal English soil is goorl, but the owners 
oppose the growing of flax on account of its tendency to impoverish 
the soil.* This is partially avoided by alternating the crop with oats 
or potatoes.* The cultivation of flax is very simple. Ordinarily for the 
best filler it should lie pulled as soon as the flowers fall. By improved 
processes of steeping, the value of the fiber is not damaged by allowing 
the seeds to become nearly mature. The pulling is, however, done in 
any case before the seerls are dt>ad rijK-, or as .soon as they turn .slightly 
brown. ITie preparation of flax filler for the market heforc shipping 
requires much field lalxir — another reason why no progress in this 
diisstlon has been made in our Northwest. The fiber is made from 
the stalks, the membrane or rind Ix-ing loosened by drying in the sun 
and lieating. The inner portion or cor»' of tire .stalk makes the liest 
filler, the outside forming the tow.’ The farmers’ rule when raising 
flax for filler is to pull licfore the capsules are quite ripe and when 
changing fnim a green to a pale brown color. At this time about 
two-thirds of the .stalks should lie yellow. A very small amount only 
of g<xid flax filler is produted in the United States or Canada. 

Professor H. L. BoUey of the North Dakota* .kgrieultural Experiment 
Station has investigated the question of impoverishment of soil due to 
the growing of flax. It has lieen known for many years that flax will 
not succeed itself on the same soil and remain strong; in each new 

‘ Hsx Slier is produced principally in flic cool, moist, low-lyina regions of Norlhem 
Europe. The plant may be grown for seed in any climate or soil suitable for wheat. 
Sandy loams are better than heavy clay loams. 

’ According to investigations of the United States Department of Agriculture, flax 
removes less nitrogen from the soil than corn; less phosphoric acid than potatoes, peas, 
corn, barley, or wheat; and less potash than any other grain. —See Farmers' Bulletin, 
No. 69, page 6. 

’ The long straight lint is from to 36 inches in length. The short tangled fiber 
which separates from the long Unt in dressing is classed as tow, and is used for upholster¬ 
ing and for ruaJdng twine, coarse bagging and toweling, and paper. 

* Ihis state, a pioneer in pure-paint legislation, is now interested in the attempted 
dcvelopmmit of a species of flax which it is hoped may prove immune to the attacks of the 
fiuanvm lini. The work of Professor Ladd on this problem is well known. 
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locality in which flax has been introduced it has proven a short-lived 
crop. Iowa was first the principal Northwe.stem flax-raising state, 
then Minnesota, and now North Dakota. Wherever flax has long^ 
been raised it has been aliandoned as an unprofitable crop, the farmers 
explaining that the soil is “ flax-sick.” Many farmers think that fla$ 
exhausts the .soil, but by a proper rotation of crops flax may again lie 
profitalily raised on flax-siek soil. 

The numl)er of crops that can l)c successfully grown in the North¬ 
west is limitiHl.and it would Ik- a serious matter for the farmers if flax 
had to be stricken from the list. It is found, however, that six years of 
continuous flax cropping on a jiiccc of the richest Ked Hiver I'alley 
land reduced it to such a diseased (smdition that not one plant of flax 
(S)uld exist ujxm it longer than three wc*eks from the time of .sowing. 
In the facs- of this Profeasor Bolley has demonstrated that flax is not 
an exhaii.sting crop and that an average yield of flax will not remove 
from tin- soil as much fertility as a .“lO-bushel croj) of wheat or 1.50 
bn.she1s of potatoes. Flax-wilt and flax-sick soil are cau.sed by a 
fungus, fimiriiim Uni. This fungus is generally introdueexi with the 
.se<xl, and on(i- in a field maintains it.scif. increasing with each .sinssx-d- 
ing crop iuid living on the plant. The oidy way to get it out of the 
.soil is to change to other crops on which the fungus cannot live. It has 
Im-cii .shown that it is po.s.sibic to kill the fungi by tn-ating the seed with 
a wash of a solution of formaldehyde in water. Proliahly no sample of 
flaxseed is entirely free from this fungus. The .simple treatment with 
formalilehyde gas kills it la-fore it <-ver gi-ts into the soil. 

Profes,sor Holley’s work has lax-n of such immen.se imjKJrfancs- to 
growers of sml and manufacturers of oil that we (piote at .some length 
from the mime inr-orporatesl in Farmers’ Bulletin, No. 874, of the 
United States Department of Agriculture, on Flax-(’.ulturc: 

'Pile one tiling tlint the flux enj|> cannot stuiul is a friable, loose-textured .soi]. The 
lu-st flax- *)ils are found to lie tliose with an admixture of very fine sen sand or silt resting 
upon a heavy compact subsoil. 

Pall plowing is apt to give the liest results in all thiw types of soil whieh tend to be¬ 
come more r-omiiact liy workhig. In very rich, loamy soils, which are liable to become 
loose and friable by jiersisteiit working — such, for emimplr, as the lands of the Red 
River Valley ~ the top-working should be confined to the destruction of weeds and 
should be stoppeil at the slightest sign that overwork is tending to looseness, liability to 
blow, etc. 

A compact soil underlying a shallow seed lied of not to exceed 1 inch in depth always 
gives the best results. The deep plowing and working should precede the seeing time 
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urf as Icmg ui poHHible. The seed is sown as soon in the spring as the work can be actuni- 
ilished and not have the young plants injured by frost. 

Northward and northwestward in America, including the Dakotas and Minnesota, 
Ife cnp ^ be sown with hope of success even until the 10th or 80th of June. In North 
Dakota, if the late crop is not cau^t by early frosts, the yield is apt to be even greater 
ban that from the early sown ck^, which at times may be compelled to ripen too rapidly 



Fig. 54. 

bundle of flax all grown from the siuue variety of seed, sovm on the same day upon the 
same plat, showing the evil ^ects of im^lar de[>th of planting. (1) Dcpt)» of plant¬ 
ing, re!>|)ectively I inch, 1 inch, II inches, i inches, 81 inches, 3 inches; (8) crop pliuited 
evenly at one inch depth. (Farmers’ Bulletin No. ^4, United States Depa^ent of 
Agriculbire.) 

by the action of heat in August, llie early crop also seems to be more often injured by 
rust, l^wever, the date of seeding in Nortii Dakota cannot be much earlier than May 20 
or later than June 20. 

The methods of seeding for flax arc as various as the people who grow the crop. The 
larger areas of the Netherlands and Belgium are seeded with ordinary grain drills, and 
such machine^ is also used upon tlw largest estates in Russia where the crop is grown 
for (Hi production. 

The seed should be embedded at im even depth, not too deeply, and should be evenly 
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distributed. The brush harrow, as rtunmonly made by American farmers, gives good 
results when properly handled. 

IMals at the Nmlh Dakota Agricultund Experiment Station have demonstrated that a 
matter oi diffneiice in depth of planting may cause differences of sever^ weeks in ripod^ 
tng the seed crop.^ 

With the flax grower, crop rotation is of great practical importance. He must either 
rotate ot cease to grow the crop. A very common rotation in the Netheiiands is as 
follows: (1) Mtuiurr or rape; (8) wheat; (3) rye; ( 4 ) Idumea (horse beans); (5) flax: 
(ft) potatoes; (7) potatoes; and (8) fallow — rest, and cn^ of weeds turned under as a green 
manure late in the season. If the soil is very fertile, the potatoes follow the l^umes, 
pmtding the flax. 

In Russia the peasants, fu?cording to the compulsory customs of the particular commune, 
practice either three or six year rotations. In the better flax-producing villages the rule 
is usually for a six>year rotation, as follows: (1 and 8) Wheat: (3) oats; (4) rye; (5) pas¬ 
ture; (fl) flax. 

In the northern regions of Russia, tlxr peasants allow the land to run wild as a village 
jmsture aiul to grow up to snub timber for ten or fifteen years. The s(*rub is then burned 

and the breaking is cropped to flax. Hie land cleared m this vray seems to have all 
the advantages of viigin soil. 

A leguminous crop is of much benefit in preparing the amI for flax culture. If, how- 
ev^, the soil naturally possesses much available nitn^^, the flax is sown as long idler 
the ieguminons crop as possible and is usually preceded by grass or hay ereps. 

Very liRle need lie said of weeds. is proliahiy no crop in which their pretence is 

mom pernicious than in flax culture. Id the seed crop they occasion by th«r extra folil^ 7 e 
great difficulty in pnperly drying and miring the seed bulls for thrashing. Itie greatest 
difficulty is also experienced in attempting to grade weed seed from flaxseed. Among the' 
destructive weeds represented in seed arc flux dodder (Cugcuia epilinum), cornflower 
(Cmtauna cyanun), many tyiies of miistanl, including false flax {CmneHm tafiva) and 
various species of Roripia. 

Great care is necessary in the harvesting process in order to hold the quality of the seed. 
Hie seed should be alloimi to mature, be harvested dry, and be kept in a dry condition. 

A soil trouble is recognixed in practically ail flax-producing countries. It manifests 
itself in a gradual dying of the crop from the time the seed to gmninate until tho 
dtp is quite mature, in tihe later stages giving the appearance which may well be desig¬ 
nated as wilt. As the plants rapidly dry up after dying, th^ assume a blighted appearance 
as if strurk by fire. 

The soil is then said to be **flax-sick’' or exhausted** for fikx culture. (See Fig. 55.) 
It has been demonstrated at tl^ North Dakota Agricultund Experiment ^tion that 
the trouble is dot primarily with the soil, that the soil is not chemically exhausted, but 
that the truiilile is due rathd to the presence in the soil of miCTO-organisms. The dii^ 
erne of tiiese organisms has been named Fuaanum lini. The wrUer has since found that 
there are several species of Fusarium whuk act in ti}e some manner, that a species of 
Colletotridium is destructive at times and that various species of Altemaria are aUe to do 
much damage to the flax crep under certain weather 'conditions.* 

The fungous troubles are usually introduced into a new soil by the seed whidi is sown, 

* See Fig. 54. 

* ** Flax nut (M^nmapaik ftru, D. C., Tid.) , recognined by tiie ydlow or orange spots 
mi the (dder parts of the nearly mature stems,'is not considered soiously injunmis to 
jdants grown fm* seed.** The Forage and Fttor Orope w Ammeot by Prof. Thomas 
F. Hunt. 
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and bite of old straw, chaff, and other matter which ccmtain the living organisms are also 
thus distributed in the soil. By pn^ treatment of the seed by the form^dehyde metliod 
it is possible to prevent the occurrence of tiie diseases, provided the land is not already 
mfected. Various individuals, varieties, and strains flax may exhibit a high degree 
immunify or resistance to the attacks of these wilt diseases. The carrful pulling of all 
of .the straw and its removal to distant retting grounds, it is believed, also tend to d^rase 
of one of the great sources of disease accumulation in the soil. 

There are several well-marked varieties of cultivated field flax. (See Figs. 56,57.) Among 
these there are ut least two which should be classed as !^)ede8, namely, Linum untatim-' 
mum L., including ail the Bmall>seeded varieties, and Linwn hwnile MOL, including the 
large-seeded varieties. 



Fio. 55. 


**FlaV'sick*' (pound, showing the method of testing various samples of Russian flaxseed 
to determine their resistance to wilt diseases. Second year's trial. The dying away of 
the crop is apparent. (Farmae* Bulletin No. 274, U. S. Department of AgricultuK.) 

There seem to be many intmnediate grades or strains. Studies conducted upon the 
varieties of these two species of culdvated flax tend to indicate that th^ are usually close- 
fertilized. Individual flowers, for example, produce seed freely whether in association 
with other flowen or tert. ITie structure of tl^ flowers, while possibly allowing crusa- 
fertilization, is such as to indicate that th^ do not usually cross-fertilize to any great 
extent. 

There are r^ons where, even noW| without special knowledge the existence of 
disease, the farmers have succeeded, through careful culture and rotation, in saving the 
crop and keeping it a pennanent element of the local agricolture. In Europe the most 
noted locality in this repect is that immediatdy surroun(Ung Orartrai, in Belgium. There 
is only one bu* to the possibility of the crop becoming a permanent one, vis., the presence 
of persistent soil-infecting disaasea. The most im^rtant fe^res in preventug disease 
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couut in eadi fvmer railing, cleaning, and grading bis own seed flax and in seed dis¬ 
infection.. 

Treatmerac^SeedwUhFomaidtkyde, Good, bright, plump, yellow flaxseed is selected 
and in a fanning mill until only heavy-weight seeds remain, all bits of straM 

diaff, dust, and scaly se^ bong blown out. The formaldehyde solution is made to the 
atrength of 16 ounces of standi formaldehyde to 40 gallons of water. TTie deap,ed 
fiaxs^ is laid upon canvas or a tight floor in quantities of 5 to 10 bushels, and the seed 



Fig. 66. 

Types of North Dakota grown Russian seed flax of three distinct varieties. (Farmers* 
Bulletin No. {274, United States Department of Agriculture.) 


is gradually moistened by the use of a fine spray thrown from a wrudl force pump while 
H is being r^idly shoveled or raked over. In this manner the flaxseed qui(^ moistens 
over its external surface and can be thoroughly dampened without causing it to mat 
together, the process taking mie-half gallon of solution per bushel of dried seed. It is d 
advantage to cover the [liie of seed with canvas or a blanket for a few hours after treatment 
to keep the exterior of the pile from drying too nqndly. Grain thus treated, when once or 
twice abovded over, will readily run throu^ au ordinary drill in two hours after treatment 
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Fig. 67. 

Four types of flax fiber, and a bundle North Dakota mwn Russian fiber flax fnxn seed 
sown at rate of one-half bushel Mr acre. The hitter shows the coarsest f<nin, 47 
inch« in Imgtii. (1) Best quality fiber; (2) beat quali^ north Russian pre¬ 

pared fiber; (3) hand-broken and scut^ed fiber prepared frinn North Dakota crown 
dew-retted straw; (5) hand-broken and partly scu^ra fiber from coarse Ncnth Dakota 

C n straw aimitar to that shown alongside. The fiber in bundle No. S, while somewhat 
„ T and more tainted, aj^rs in no way Inferior to the Russian product, Na 2. 
(F^tuers’ Bulletin No. 274, United Estates De|Muiment of Agriculture.) 











196 


liNSEGD OIL. 


The customary assumption that an especially fertile soil is required 
for flax has bear investigated by the Minnesota Agricultural Experi¬ 
ment Station. Of the four elements in a perfect plant food, flax 
requires principally nitrogen. This of course is most abundant on 
new soils. The rotation of clover with flax should be practiced where 
flax is to he a permanent crop. The Ori^n Agricultural Experiment 
Station reeommends a .six-year rotation of wheat, oala and barley, clover 
and grasses (two years), com and potatoes, and flax. The cultivated 
crops result in the destruetion of weeds. If barnyard manure is used 
to supply nitrogen, it must Ire well rotted. 

Flax can Ire grown, either for fiber or seed, in latitudes between 10 
and 65 degrees north, and probably within similar latitudes .south. 
It grows Irest in the colder portions of the temperate region. The seed 
crop may be most successfully grown under the same climatic con¬ 
ditions as spring wheat. In southern France, flax is sometimes culti¬ 
vated as a winter annual, but it is more usually sown as a spring crop. 
A sturdy woody type of stem growth should be sought, with a heavy 
production of foliage. Too much moisture during the growth si-ason 
results in weak and imperfect stems and poor Iroll and seed formation. 
A severe drought, on the other hand, at or near the time of flowering, 
will prevent the proper flow of sap and rut off the food material from 
the seed. A soil must be selected which can Ire depended upon to 
.supply moisture during drought. Seed germination should be rapid, 
and the soil should be so fine as to permit the seedlings to come up 
immediately. 

The seeds of the flax plant are flat, oval, lustrous dark brown in 
color, with a beak at one end, and each seed consists of mucilaginous 
coats rontaining a large, strmght oily embryo with oil-saturated cotyle¬ 
dons and a short radicle. The mucilaginous matter in these coatings is 
viscid in hot water. The largest seeds are produced by plants grown in 
the tropics. The greatest yield of oil, however, is obtained from plants 
grown in colder climates. It is estimated that six Sicilian, thirteen 
Black Sea, or seventeen Archangel seeds weigh one grain. The ancient 
Greeks and Romans used the seed for food, in both the raw and the 
roasted conditions. The oil is now occasionally used for food in 
Russia, Poland, and Hungary. Careless harvesting mid cleaning of 
flaxseed occasions adulterations of flax-dodder, oats, poppy boQs, 
weeds and grasses (such as water grass and pigweed), wild rape. 
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dust, finely broken hulls, mustard, straw, chaff, com, sesame, and in 
the case of Calcutta seed, term alba (fine white day.) The generic 
liamcs for all these adulterations arc “buflum,” “dockage,” “im¬ 
purity,” and “screenings,” and in flax as delivered after threshing 
mid running through the cleaning machinery of a well-equipped ele¬ 
vator they seldom exceed 2 per cent. Some of them form and produce 
oil, se.same, for mstance, having a greater percentage of oil than lin¬ 
seed; others contain very little oil, the average percentage in average 
samples of dockage from Northwest American seed being 10 per cent. 
No ath'mpt is made by linseed crushers to greatly decrease the amount 
of impurities, as ordinary conditions of flaxseed purchase make these 
a considerable advantage to the buyer, and they add to the weight of 
cake. Southwestern seed of the United States is heavier than North¬ 
western, contains from 4 to 6 per cent less oil, and is more free fiom 
pigweed and water grass. The average seed contains upward of 3 per 
cent of ash and about 8 per cent rrf moisture. 

Our American Northwestern seed contains upward of 38 per c«it of 
oil. It is planted at the rate of from 2 to 3 pecks of seed per acre. 
The straw is almost invariably wasted. 

The new crop of linseed produced in the United States comes on 
the market in September, Argentine .seed u.sually reaches New York 
in April, or shortly after, and Calcutta .seed in May. Northwestern 
land when freshly liroken to flax will grow from 10 to IS bushels of 
seed to the acre under favorable conditions. This amount of seed is 
from stalks which will produce two tons of straw. 

It has been found that seed from two to six months old gives a less 
viscous and turbid oil than fresh seed. Mature seed gives a lighter oil 
than young seed. 

The cultivation of flax was originally practiced for the produc¬ 
tion of fiber from the straw. A limited domestic demand for the 
seed soon resulted in its production, and by 1791 seed began to be 
exported.’ With the introduction of the cotton gin, in 1792, the pro¬ 
duction of flax fiber greatly decreased. By 1810, flax was being grown 
for its seed to such an extent that there were 283 linseed-oil mills in the 

^ Even earlier exporUtiona are recoided. Benjamin Franklin, in teatihnng before the 
House of Commons, in 1766, in connection with the proceedings leading to the r^ieal of 
the Stamp Act, stated that 70,000 bushels of flaxseed had been shipped from Philadel¬ 
phia to Ireland in 1756. (Fkanklin's Euaya and Comapondence.) 
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14 iitate».‘ These were, of course, very small mills, the total annual 
output lieing 770,583 gallons, or say not much over 400,000 bushels of 
seed, a quantity which one of the present mills might consume in a' 
•single month. The importation of flaxseed began in 1839. From 
1850 the larger part of the seed from which oil was expresscri in the 
United States was brought in from India. From 1850 to 1860 half 
the entire domestic flaxseed crop was grown in Ohio and Kentucky. 
Western mills utilized this seed, the Eastern mills imprting their 
supply. Western mills thus obtainerl .seed cheaply, and were led to 
produce meal in order to avoid freight costs on cake. Eastern mills 
seeunsi a seed (siutaining a much higher perts-ntage of oil. Fnmi 
18,50 to 1875, im^Hirts of flaxseed inereastsi eightfold; nieiuiwliile the 
domestic production also incrcasrsl, but not to .such an extent as to 
sup|>ly the demimd fntiii the Eastern mills until 189S; since which 
last dale, with the exes-ption of one or two short-crop periods, im)s>rts 
(f flassissl have iK-en insignificant. 

In 18.50 Ohio was the leading state pniducing flax.s<ssl. By 1869 
Indiana and Illinois were' close com])etitor.s. A slearly migration to 
the West and Norlhwe.st has followrsi, mitil at present the ])rincipal 
pnahieing .stales arc in two grou[>s, one, the Northwc.stcm,^ (ompri.sing 
North Dakota. Minne.sota, Houth Dakota, Iowa and Wisrsin.sin, and the 
other, or Southwc.steru, including Kansas, Mi.s.s(Miri, Nebraska, Okla- 
homa, and the Indian 'lerritoty. In 19(W, 53 {a-r rent of the eiitin- flax- 
s(ssl cropof theUnihsI States was grown in North Dakota; in 19(Mi, 56per 
is'iil. The five Northwestern .states jirodmssl in the former year 92 jier 
erni of the total cn))). 'ITie fiMi that the Northwestern se(sl is richer in 
oil than the Southwestern is stated to be due to the introduetion of a 
foreign variety of .sissl in South Dakota .soon after tliat slate had 
lasome an extensive producer. 'Fhe Southwestern production is (on- 
sequently declining, la>th airsolutely and relatively.’ Whether further 
migration will result in the di.sappearauc(‘ of flaxseed production from 
our Northwestern states, carrying it into Idaho, Montana, Oregon and 

' '‘I'laxseeel Itosluctioii, Commerce sad Mamilscture in the United Slates,” by 
Chudes M. Daugherty, from the yearbook of the United States Department of Agri- 
eulture for 1908. 

• The Korthwestem seed varies somewhat in percentage of oil. That grown in 
Mimiesota is sliglitly, and that in Iowa seriously, inferior to the seed production in the 
other three states. 

* It is now about 1,000,000 bushels per year. 
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Washington, and the Canadian Northwest, is an interesting question, as 
is also that of the consequent effect on the attitude of American 
•crushers toward the tariff.* 


FLAXSEED STATISTICS OF THE UNITED SPATES. 


Yciir 

Domestic 

(’rop. 

Imports uf 
Oil* Con. 
sklm'd as 

Imports of 
Sceil.* 

Exports of 

Seed. 

Total Supply. 


.Seed. 





Bushels. ! 

BuolieN 

Dusht-N. 

BuSvK 

Buslieis. 

ia»o 

502.312 

748.927 

664.864 


1,976,107 

IHOO 

506,807 

267428 

2.748.440 


3482,835 

1870 

- 1,730,444 ; 

47,890 

2.791.336 


4..569,670 

IKKO 

7.170.951 

36,216 

1,464,lai 


8,671472 

1881 

9,000.000 


908,191 


9.007.134 

1882 I 

7.5(M).0I)0 


6;i5.079 


8.135,079 

1883 

7.500,000 


637,729 


8,137,789 

1884 

0/>00.000 


2,849,226 


i 9449,221 

1885 

8,500.000 


2448.864 


11.048,864 

1880 

13.IHM).000 


1,034,.576 


14,003,662 

1887 

10.(NN1.0(M) 


415.179 


10,415,135 

1888 

10,500,000 


1,583,964 

37,265 

12,046,699 

1889 

9,(KK),0(K) 


3,259,460 


12,259,435 

1890 

10,250,000 


2,391.175 

14,678 

12,626,495 

1891 

8.5(KI.0(K) 


1415,546 

144.H48 

0,870,897 

1892 

I9.(HHI.00(I 


285,140 

.3.613,187 

15.671433 

1893 

11.104,440 


112,015 

592.820 

1437470 

9,379,085 

mn , 

10.<KM).1M)0 


2.047,836 

8.544,884 

1895 

7.500.000 


4,166,222 

1,224 

11,664,998 

1890 

15.mK).000 


754407 

80,453 

15,588476 

1897 1 

17.402,000 


105,222 

4,713,747 

12,778483 

1898 

12.500,(KN) 


136,098 

257,228 

12,376,698 

1890 

16,4(M),000 


81,a5S 

2430,991 

13.650462 

1900 1 

19.970,492 


67,379 

«m«68 

17,3(8.605 

1901 1 

17,592,000 


1,631,720 

2,755,683 

16,446,931 

1902 

25,319.000 


477,157 

3.874,033 

21,867470 

I9(K} 

29,284,880 

27,300410* 


129,089 

4,128,130 

25,265,628 

1901 



26,700 

27,273410 

1905 

28,478,000* 



1,409,000 

27,069,000 

1900 

i«,«76,00fl‘" 



9405.000 

15,771,000 

1907 

1008 

25.862.000 

25405,000 



4,000,000 

31,8S«,000 






(Compiled from various sources.) 


^ The 1902 Year Book of the Uoited States Dq)artmait of Agriculture gives q>. 428) 
the producton of flaxseed in each state by decades fnun 1849. 

’ Small amounts of linseed oil are still regularly imported. 

* Average yi^, 10.3 bushels per acre. 

* 25,000,000 bushels grown in North Dakota, South Dakota, and Minnesota. 

* 23,200,000 bushels grown in North Dakota, South Dakota, and Miimesota. 

' Average ^dd, 10.2 bushels per acre. Crop as stated in Government reports; bdieved 
to be scnously underestimated. 

* &nall quantities of Qdcutta seed imported from 1904 to 1907, not tabulated. 
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Available rerards of seed quotations date back to 18S5, when 
Cincinnati was the principal primary market. From 1870 Chicago 
l)ccame the leading seed market, lieing .superseded about 1880 by. 
Duluth-Superior. In 1862, linseed sold as high as $3.26 per bu.shcl. 
From 1862 to 1874 seed sold at alx)Ut $2.50. After 1874, prices 
declined until 1886, when they reaches! the low level of $1.03. The 
lowest i)riec recorded was 63 cents in 1897. In 1862, the pries- varied 
from $1.25 to $3.25.' 

Statistics as to the world’s crop of fia\’.sceel must be rcce-ived with 
caution.' Kspee-ial uncertainty exists with icganl to the llussian 
crop, whie-h during ress-nt years, however, has ave-raged alsmt 
17,000,000 bushels annually. The average yield in Ru.ssia over a 
period of five years was from 16 to 18 bushe-ls per de-eiatinc (2.7 aere-s), 
where the cultivation was praetiesxl sole-ly with a view to scesl 
)>rodue-tiori. 'lliis is ee|uivale-nt to almit 6.3 bu.shels per acre. 
Wlien- fibe-r is raised, or se-esl anel fila-r jointly, the yield of .sees! 
average-s from 688 to 961 leouiids pe-r deeiatiue, or from 5.6 to 
6.3 Imshe-ls per ae-re-. eon.siderable amount of seed for sowing 
is raised, Uiat from the province- of I’skoff la-ing e-spee-ially e.ste<-meel, 
anil sometimes esemmanding a jrriee eif nearly $4.00 per bushel. 'Fhc 
low yielels jx-r acre- are attributable to unsuitable eh'mate and soil, 
the- general produetion of filwr, which has la-e-n incompatible witli the 
highest yie-ld of se-ed, and tlie depre-ssed esmdition of agriculture in 
Ru.ssia. The primary markets are Are-hangel, St. Petersburg, Riga, 
Oeh-s.sa, and Taganrog, 'lire principal points of export are Riga, 
lalrau, St. Petersburg, Re-vel, Rostoff, Odessa, and Nieolaie-ff; the 
land frontiers being those of Warsaw, Vetybaloff, and Sosnovitz. 

Tile Msst is .-Kiwii in .kpril, May, and early in Juno. The harvest Itegins as early as 
July and as late as the months of August and 8i-ptember, earlier in tlie 8outh arul later in 
the North. . . . The seed is ready for erqrort in the moutlis of September, Octolier, and 
November in the South, and from northern and central Hussia often nut before Match of 
the following year. . . . About 95JXIO,(100 worth of linseed oil is manufactured and con¬ 
sumed anuually in Russia, a very small <]uan6ty being exported. Oil cake, the product 
of flaxseeil, is exported to the value of aljout $2,500,000-yearly. 

The crop from British India is of more‘direct consequence to the 
American crusher. A report by Consul-General Merrill of Calcutta 

' Ibtun pamphlet, “The Linseed Oil Industry." by Spencer Kellogg, Buffalo, 1894. 

> Among original sources of infonuation, Beerbohm's Trade Litt (London) occupies a 
deservedly high position. 
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(Consular Reports, No. 126) states that flax cultivation is usualljr 
practiced for the seed only, the fiber being disregarded. The lin.seed 
^cultivated up to altitudes of 6,000 feet alx)ve the sea is oil-yielding. 
The seed is frequently sown along with wheat or mustard. Owing to 
this practice, it is difficult to arrive at exact figures as to the area under 
cultivation. The usual yield is from 4l to 7 bushels per acre, although 
in a few districts, like Bu.stee and Goruckpoor, double this amount is 
claimed. On the lighter clay land.s, the linse<'d is sown broadcast on 
standing rice. The latter is harvested as usual, the linseed l)eing left 
to lx‘ reaped alx>ut the last of March. The two general grades of seed 
are the white and the red, a pix'ferencc laing expressed for the fttmier. 
The arch enemy cf the plant is rust, 'riiere is only one lin.seed-oil 
mill in India, anil almost the entire production of .seed is exported. 
In IHH1 the exports were alsnil 12,(KH),00() bushels. In later years 
the production was about as follows, practically all of which was 
ex|)orted: 


1886-’87 . .. 

. 18,500,(100 husltels 

1887-88 . 

10,500,000 bushels 

1888- 89 . . 

. . 10,500,000 biishcls 

1899 

17,100,(810 bushels 

1900 

11,800,000 bushels 

1901 

14,200,000 bushels 

1903 .. 

13,000,000 bushels 

19(4 

10,4001100 bushels 

1905 

44,400,000 bushels 

llNKl 

. 13.800,000 bushels 


nie cx|iort.s of linseed are made principally from Bengal, Bomlay, 
and Sind. Sceil to the United States goes from the port of Caleutta 
to New York, San Franci.sco, and Ifliiladelphia. The primary markets 
for scxsl are Bombay, receiving from the provinces Bombay, Oudh, 
Northwest, Ihinjab, Central, Rajputana, and Berar; Karachi, supplied 
from Sindh, Oudh, Northwest, and Punjab: and Calcutta, receiving 
from all provinces excejrt Bombay, Sindh, Punjab, and Berar. 

The Calcutta seed, which is the only grade now received in the 
United States, is stored in pits dug in the ground and consequently con¬ 
tains a large amount of clayey dust: there is very little other impurity. 
The seed is full grown and matured and extremely rich in oil, pro¬ 
ducing a very light oil, well adapted for varnish purposes. 

Bombay linseed, a high-priced seed, is extremely clean and difiScult 
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to grind, but makra a fine oil, which, however, cannot readily he 
“bodied down” by heat. 

The cultivation of flax for .seed in the Argentine Republic dates, 
Iwck only a few years, hut has been rapidly inrn'asing, and the yield 
]KT acre i.s exceptionally good.' From 1884 to 1889 tlie ex{)orts ranged 
only from 1,120,780 to 3,248,160 bushels annually. At present not less 
than 5 per (s-nt of the total area of .soil under cultivation is devoted to 
flax. The crop is harvested and nwly for .shipment alxiut March I. 
Shipments arc made from Buenos Ayres or Rosario. 

The statistics of recent Argentine crops are as follows; 


Ye«r 

IVxlucliona 

1 Ionic 

('(msiiiiiptioii. 

E\)N)rbf. 

■ liiiiii 

Uubtivih. 

»,0W),(K)0 

9.0OB.<)OO 

n,!fl)o,{)oo 

16.061,000 

08,600,000 

OO.OOO.OIN) 

ieu,i:»,ooo 

BuhlieLR 

HO.CKK) 

88.000 

S.900.000 

1,(KX).000 

? 

0,600.000 

9.8<£0.000 

ir>.ooo.ooo 

15,00],000 

p 

p 

p 


The rapid fluctuations in the Argentine cmjw have until recently 
made general analysis of international seed distribution im|X)ssible. 
'Hie erop appears now to have reached a maximum. The exports in 
1007 were S0,,'>l)0,U0U bu.shels. The flax-raising provinces are Cordoba, 
Entrc Rios, Santa Fe, and Buenos Ayix*s. Argentine .seed makes a poor 
varnish oil. tlie csrlor being apt to be dark or reddish, but this .seed 
produces a good boiled oil. 

New York mills, operating on Ixrth domestic and imported seeds, 
have reprted cake tests as follows: Domestic, S.89; Calcutta, 6.34: 
Argentine, 3.02 per cent. It is diflScult to see why better operation 
should lie possible on seed less frequently used. 

The following table shows, approximately, the consumption of flax¬ 
seed in the principal European countries.. This is Irased on state¬ 
ments of imports and exports, but is not absolutely reliable for the 
reason that some of the seed imported is merely in transit through 
various ports on its way to the buyer, and is omitted from the export 
column. 

' See report by Consul £. L. Baker, United States Consular Reports, No. 143. 
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CONkiMFnON OF FLAXSEED IN BUSHELS IN VARIOUS EUROPE.AN 
aniNTRlES. 



Eiijjlaud.' 

France. 

(lermany. j 

Uidlaml. 

Denmark 

(Europe) 

Tfital 

1904 

iO,700,000 

8,990,000 

18.500.000 

1 9,200,0(N1 

p 

55,400,600 

1903 

16,150,000 

13,100.000 

6,710,000 ! 

13,2100,000 

i 5,280,000 

p 

41,100,000 

row 

3,705,000 : 

9,700,000 

4,850,000 

562,000 

.32,117,000 

1001 

12.100,000 ' 

4,490,000 i 

9,340,000 

.3,925.000 

505,000 

30360.000 

1900 

12,200,000 

4,350,000 

10,520,000 

3,790,000 

58.3,000 

31,443,000 

iK{m I 

13,650,0(H) 

5,310,000 

10,440,000 

4,820,000 

619,000 

34,839,000 

1R9H 

12.150,000 

4,650,000 

10,6.30,000 

5,020,000 

6.%.000 

33,080,000 

IK07 

14,600,000 

6,000,000 

10..300,000 

4,8(M).(HK) 

714,(XN) 

36,414,01X1 


England’s average imparts from 1893 to 1904 were ldJlU0,000 bushels annually. 


KiiKlmid <lerive.s its supply of fluxscnl prinripaily from India and 
the xArgentine, only a small part of its requin'ments oominj! from 
llu.ssia, and .still less from the Unitcsl States. Beljrium raises an 
annual erop of alsiut 400,(KM) bushels, prineipally consumed at home, 
but tliere are no figiires available showing the exact consumption. 
Franco imports 80 ja-r cont of its seed from India and the Argentine, 
(iennany formerly imported its seed from Kuasia. At present it 
derivc's its .supply from the Aigentine, India, and Russia. Flaxsecsi is 
the mo.st important oil .seed consumc-cl in (Jermany. Holland had 
alxcut .to,000 acTes devoted to the c-ultivation of flax for sec-d in 1900, 
and in addition to this, as noted above, imported large amounts, Lin- 
sc-ecl cs)n.stitute.s about M per eent of its business in oil seeds, and its 
annual consumption is largely taken eaie of by the United States erop, 
its formcT iweipts from Russia and India Ix-ing now supplanted by 
what it obtains from the Aigentine. The writer’s tabulation of the 
world’s approximate average flax.seed statisties would be as given in 
tlie following table. It should be rcmemliered that the crops of the 
past few years have Iteen excessively large. 


'IHE WORLD’S FIxAXSEED CROP UNDER AVERAGE CONDITIONS. 


(ouiitiy. 

Production. 

Ex|H>rts. 

Consumption. 

Impnrts. 

United Iritatcs . ... — 

India. 

Russia. . 

Ai^ntine... . 

En^anu. 

Bubheih. 

26,000,000 

16,000,000 

17,000,000 

30.000.000 

5,000,000 

500,000 

366,boo 

325,000 

Bushels. 

2,000,000 

15,000,000 

1,425,000 

29,500,000 

4,800,000 

Bushels. 

24,100,000 

1 1,000,000 
15,575,000 
1,500,000 
200,000 
18,800,000 
7,000.000 
18,500,000 
7,800,000 
650,000 

Bushels. 

100,000 

18,800,000 

6,500,000 

18,500,000 

7,500,000 

325,000 





Denmark. 

Total 


95.125.000 

51.725.000 

95,125,000 

51.725.000 
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The probable distribution of exports in an average-crop year is as 
follows: 

INTERNATIONAL DISTRIBDTION OF FliAXSEED, IN BUSHELS. • 


KxpurU fniin 



Imixirted Uy 


. 

U.S. 

Knf(lBnd. 

Franee. 

Genuuny. 

llolUud. 

Denmark. 

United Stulori.. 
KiiEsia. 





^.000,(KK) 

^00,000 

India . 

ioo,uo() 


iesd.ouo 

.'i,4r>0,0(K) 


1^,000 

Uru^iuiy and Ar- 
geiitiiic. 


10,500s000 


13,050,00(1 

5,.5(NMHKI 


Total. 

100.000 

18,800.000' 

6.^10,000 ' 

18,500.000 

7,300,000 

3‘25.(K)0 


The iiorthwo.sterly migration of the crop prodiicisl in this cs)untry, 
if eoiitinued, niu.st eventually carry it lieyond the loundary line into 
Canada. Aissinling to one writer, the eroj) is now making its last 
.stiind. The important eTOiiomical problem of the utilisation of the 
fitaT of the plant must be .solvisl if it is to remain with us as a per¬ 
manent enip. This is a broader subject than the linsecsl indastry. 
India, tlie Argentine, and the United States annually waste the straw of 
IIk' flax ])lant, raised .solely for its seed. Ru.s,sia and Belgium save 
Isdh seed and fllx-r. Economic considerations lead to Uie diversity of 
practice. (ioo<l flax fibcT can Iw secured only by pulling the plant 
before the .se<-ds are mature and while they contain a relatively low 
percentage of oil. In Europe, flaxseed is expressed primarily for the 
cake, and a low yield of oil is aimisl at. In this country, high yields 
and rich seed are desired. We therefore mature the plant and throw 
away annually (MKI.OOO.flOO pounds of fiber. Meanwhile, the world’s 
produetion of flax fiber is decreasing.’ We not only fail to utilise this 
filxT, but too often we damage it m threshing, so as to totally unfit it 
for any use other than for the preparation of paper pulp. In 1901, a 
plant was erected near Fargo, N.D., to make the straw, thus broken, 
into tow, which was then .sent to Niagara Falls and manufactured into 
paper. The cost of the papr was estimated at about 6 cents per 
pound, and the product was not uniform m compsition or color. 
Wood pulp produces a papr 40 pr cent stronger, which can be 

^ See detailed figures us tu the world's production of fiber in the Year Book of the 
United States Department of Agriculture fur tlSM. 
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-profitably sold at 6 cents per pound. This disposition of the straw has 
therefore not been widely extended, and the 450,000 tons annually 
produced are largely burned, although praetically the .same product as 
that which Russia supplies to the flax mills of the world. The finest 
linen produced is from Belgium, from plants grown for both seed and 
fiber. Soil selection, fertilizing, rotation of crops, and selection of 
seed make the difference Ijetween Belgian and American results.' 



Flo. 58s. — Manner ok SpRBADrao FtAx Straw for DEw-RzmNa. 
(Farmers' Bulletin No. 874, Dniled States Department of Affrieulture.) 


By pulling the plant “when the straw begins to turn yellow and when 
the foliage within six inches of the ground is drooping,” the fiber may 
be preserved in a condition .suitable for weaving into flax. Methods of 
threshing must be adopted, different from those now in vogue, by 
which the seed may lie separated from the stalk without injuring the 
latter. After threshing, the stalks are laid in a pool or on a grassy 
meadow exposed to the dew, for “retting,” which frees the fiber from 

‘ When raising the flax plant for the fiber, the seed should be planted hmadcast and 
v «7 thiddy, using about 3 bushels of seeil to the acre, and keeping the ground dear of 
-weeds. This results in a slender, straight plant, free from branches. 
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tlic woody and gummy constiturnts of tlie stalk. (Pig. 53a.) Much 
skill is required in proj)crly eondueting this operation. The retted 
.stalks are then dried in the sun and carried in bundles to the “.seuteh’.’ 
mill, where the stalks are broken or crushed in such a manner as to 
cause the woody portions to sejiarate from the hirer. This may he 
done by hand, or by the type of machine shown in Fig. 53b, consisting 
of pairs of horiynntally plur'cd fluted or corrugated rollers, through 
which the retted stalks arc passerl endwise. 



Fio. 53b. — Flax Fibkk Breakino Machine. 

(F'unnets* Bulletin No. ii74, thiHisl States Defiartment of Agriculture.) 

In Belgium, when' dual-purpose fla.\ is grown, it is claimed that the 
revenue from the seed alone is sufficient to TOver the wist of cultivation, 
the n-venue from the fiber lieing net profit. Some progress is living made 
here. Small industries, such as tow-mills, binder-twine, crash-toweling 
and bagging factories, have been established in the vicinity of the flax 
fields, paying for ordinary straw from the threshers from $2 to jl3 per 
ton. It remains for the fanner to keep them supplied with material, 
involving eventually the growth of flax primarily for its fiber and 
afterward for the seed. Such a development will lie of immense tsm- 
sniuenis; to the linseed industry. 


CHAPTEIl XV. 

'fHE SEED 'rRADE. 

Ditluth the primaiy market. Duluth aud Chiragu grading;.Instruetioiu to inspectors. 

-Inspection frwu dtcvakv. in hags, etc. — Rejxjrts. — Pees. — Seed contracts. — 
T)etail!4 inspection of bulk flaxiteed received by rail. —Teclihical terms used 

in dt'sc^iliing flaxseed conditions. — DiHerminatiuu of the iinpuriticH in flavseed. — 
New York linseed iVssociation. — Tlie “4 per cent Iwsis sound diHivery contract.” — 
l'rans}>ortaUon of flaxseed on the Great Lukes. — Shortage. — Freiglit mUs<. — The 
Eric Canal. — Advantages of canal shipnieuts. — Cunul bill of lading. — Hail trans¬ 
portation of flaxseed to Niw York. — E\|>eriencc with shortages. — Grades »)f .seed 
worked l)y Uie mills. — MilUng-iu-lmnsit rate**. — Etfect of specnliition in linseed. — 
Possibility of large loss to crusher. — How tlie loss is uvokled. — lUssmls of mar- 
kid jHMition.—('alciilations from assunusl conditions. — Fondgii UnM*cil (piotations. 

DuLmi-SupERiou i.s tlic primary market for flaxseeil in the United 
States, ffitii MinncajKilis a (xjtnpetitor for rail .slupments. The Dnlulli 
and ('hiea^ gradings of flax.seed do not differ to any gr(*al exliMit. 

Li tlie following ])aragra}>hs fnmi the ix'gulations, words contained 
in th<‘ description of the Chicago grades hut not in the* Duluth grtuling 
arc italicized, while words pertaining to the Duluth inspection only are 
bracketed. 


Itrgulaiwfui for fhe uiuJ (iniding of Flaxaeetl. 

'Phe wright per measured bushd desigimted for eacii grade is tln^ of (<omn^*iaI!y 
pure »e«l. 

No. 1 NoBntWKsi'EKN pLAxaRi-a): Flaxseed to grade No. 1 Northwestern shall be 
mature, fommercitdly sound, dry and sweet. It shall he Northern gnmn or skdl haiv 
the wual ckaraderi^s thmof. 'Phe maximum quantity of field, stack, storage or other 
damaged seed iutermixed shall not exceed twelve and one-half per cent. The minimum 
weight shall Iw .H pounds to tiie measured bushel. 

No. t Flaxseed: No. 1 flaxseed shall be [Northern grown] nmmemaUg sound, diy 
and free fixnn mustiness, and carrying ^ermixed not mure than 25 per cent of unmature 
or fleld, stack, storage or other damaged flaxseed, and weighing not less than 50 pounds 
to fhe measured bushel. 

The requirements for the remaining grades differ to a somewhat 
greater extent. 
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Duluth. 


Chicago. 

Rejected Flaxmd. 

AU damp and muaty flaxseed and that 
canyinK intenuixed. immature or field 
atoraf^ or uUkt damaged flaxseed in 
excess of 25 per cent, and wdgliing nut 
less than 40) pounds per measured 
buahd, shall be graded ''Rejected." 


Rejeded Flaxxtd. 

Flaxseed that is binned, burnt, immature, 
fleld damaged or musty, ami yd not to a 
degree to be unfit fw stort^ and having 
a test weight of not less than 47 pounds 
to the measured bushel, shall be "Re¬ 
jected.” 


No Orade Flcurued. 

Flaxseed that is wet. moldy, warm or in a 
heating condition, or is in any wise unfit 
for temporary stora^, or weiglut less than 
46) {Mmnds, shall l)e graded "No Grade.” 

Flaxseed that is snoky, burnt, or inter¬ 
mixed with burnt seed, shall not be 
known by any grade but shall be in- 
apectei) in the usual way to determine the 
{)erc«)tage of impurities, and sliall be 
posted as " Burnt or ^(dey Flax." 


No Grade Flaxeeed. 

Flaxseed that is damp, warm, moldy, 
very musty, or otiierwise unlit for stor¬ 
age, or having a weight id less than 47 
pounds to tlie measured bushel, shall be 
"No Grade.” 

Notk. No grain shall in any case be 
graded above tliat of the pooroit (}uality 
found in that lot when it bears evidence 
of having been phig^ied or doctored. 


At Ixith markets it is required that inspectors must make their reason 
for grading grain fully known by notations on their books. In case an 
owner or consignee of seed considers himself aggrieved by the inspec* 
tion of any car or cars he may obtain a reinspection of the same by 
giving notice in writing to the Chief District Deputy of the Inspection 
Department. After such reinspection, should he still be dissatisfied, 
he may appeal through the Chief Deputy Inspector to the Board of 
Appeals, in the case of the Duluth market, or to the Board of Trade 
Committee on Flaxseed Inspection, in the Chicago market. 

In sampling for inspection flaxseed received in cars in bulk by rail¬ 
roads, a sampling probe is passed down thiou^ the seed at not less 
than seven different points, equally distributed, and at each point a 
quantity of seed is taken, aggregating not less than three pounds, which 
sample is deemed an average and legal sample of the carbad. 

The inspection of flaxseed from elevator or warehouse to lake .trans¬ 
portation is made by passing a grain trier, 12 feet bng, through each 
draught of 1000 bushels after the seed has been elevated to the ship¬ 
ping-scale hopper to be weighed; at each filling of the hopper an equd 
quantity is drawn. From every ten samples so drawn an average 
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sample of 3 pounds is takoi. On completion of shipment from any 
elevator or warehouse an equal quantity of flaxseed taken from each 
ot the accumulated 3-pound samples, a^regaflng 6 pounds, is consid¬ 
ered an average sample of the shipment. 

In inspecting flaxseed from elevator or warehouse to ears the method 
of sampling is the same as that when receiving in ears. 

The inspection of flaxseed to or from bags is made on samples 
obtained by taking an equal quantity from each liag as they are filled 
or emptied, intermixing and taking an average sample of 3 pounds 
from the lot. 

The Inspector of Flax-seed at Chicago is required to report to the 
Board of Trade: daily, all inspections of seed since his last report; 
weekly, the amount of flax.seed in store; monthly, the inspected 
receipts and shipments during the month last past. 

The Duluth inspection is under control of the state; for inspection, 
reinspeetion, and appeal there are e.stablished charges. 

In Chicago the fees for inspecting and certifying flaxseed are as 
fallows: For each oar or part of ear, 75 cents; for each lot in car 
divided by bulkhead, SO cents; for each 1000 bushels from elevator or 
waiehousc to lake transportation, 75 cents; for each two-bushel bag, 
one-half rent; for each four-bushel bag, one cent; for each wagonload, 
16j cents. 

All sales of flaxseed are made upon the basis of pure seed; that is to 
say, se<-d delivered on contracts may cany impurity or foreign matter, 
but must contain the -sale quantity of pure .seed, and for such pure seed 
only is payment required. 

IhtaiU Itegarding Irupectim of BuUc Flaxseed Received by Railroad. 

Theetiuipmeiit of an inspector comdsb of the standard geared screw samplers, by 44, 
11 by 44, luid 1| by 52, a canvas sack about 18 inches square, sample bags, strings and 
tags. He is also equi]q>cd with a list of car numbers and their corresponding initials, as 
well as names of the respective consignees, covwing receipts of flaxseed since the day 
previons. 

When the inspector has secured entrance to the car to be inspected, he divides tlie 
contents, approximately, into seven equal parts, and by placing the sampler on tup of the 
seed and turning the crank with a gradual downward pressure, he extracts a sample of 
seed for each of these parts. 

This manner of operating the sampler passes it through the seed from top to bottom, 
and draws an equal quantity from every portion of the car. The canvas is then spread 
under the spout of the sampler and, by turning, the seed is ejected upmi it, carefully 
mixed and placed in the sample hag. This operation is repeated seven times. The 
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luutiple Iwtg is securely tied and a teg, stating date, car number, initial, grade, and con¬ 
signee, is affixed. A duplicate of this tag is tacked to the grain door of the car by the 
inspector. 

In case a car is found to Ijc unevenly loaded, either as to quality, condition, or impurity, 
thus lt»ving a dould in the mind of the inspector ba to the ojirectness of the sample 
drawn in the usual way, he is required to take such further sample as he may deyra 
necessary under tlie circumstances. Should he find palpable evidence of attempUd 
fraud or dec^dion in loading the car, such as secreting impurity, or inferior seed, in 
angles and comers of the car, he makes note of tiie fact. In «we a car is overloaded, or 
if the hulk seed is covensl witii h\f^ so as preclude tlie drawing of an avmge sample, 
the ins|>ectur secures the liest sample possihie and reports tlie facb in the matter, indi- 
(’atiiig plainly why on average sample cannot be produced. 

The gnulc of flaxseed is determined by the ins|>ector wliile tlie sample is lieing com¬ 
pleted. 

If the grade of a car of fla.xst'cd Is other than No. 1 or No. 1 N.W., and tlie av’erage 
sample does not show {wsillw crideiHf of having lieen correctly graded, a SjicHul 
sanqile is taken of tliut |)arl of the s«xd wliicli giivenw tlic trade, in onler that the cim- 
signec may Is* ftdiy advised. If tin* gnwic is changts] on accomit of seed having luTomc 
wet fixmi an o|)eij disir or a leaky roof of n <*ar, a remark to this effect, showing cause of 
gniile, aihl what would !mve liccii tla? grade in the absence of such caust>, is notexi on 
the tag. 

When snow is found in a car of floxsetsl by tlie insiMH*tor in sufliiient r|uantity to 
idfeet the gnule, the fluxsewl is not ins|>ecte<I until the snow has liceu removed by tiie 
railoMid conijiany. If the car is wasting or leaking seed, a notation to this cfTeii is made 
n]s»i the tag and the railnaid cs>m|mny is at once notified, a.s in all niultcrs wiiere lia¬ 
bility aUudies. 


Terkniral Terntx I'ml in Jharrihing hlaxseed CondiHonn. 

Field ikttmg&l means lluit the seisl is dry and sweet, but intennixed with more than 

{>er cent of fkid-<laniaged see<!. 

hgkt Weiijhf. -The seed is diy and bright, but immature, and wtiglis less than 5(1 
p'tuitds to the measured bushel. 

Alwftg. ■ ■ This wortl is used to indicate that the see«! is <lry, but lias Isru damp or 
wunii. Otherwise the setxl wouhl grade No. 1 N.W. or No. I. 

Damp signifies that tliere is evidence of moisture. Otherwise the seed would grade 
No. 1 N.W. or No. 1. 

Damp anti Damaged. —These words are used to signify tiuit the seed wrii*s interuiixed 
field or storage damaged seed and is in a damp condition. 

Damp and Sour signifies that tJie seeil is in the first sti^ deeoiu|H>sition. 

Damp and Mwfg sigitifi^ that the seed has lieeii warm and is not yet dried. 

The following formulae apjily to the different conditions of “No Grade” flaxseed: 

Exeemiv Field Damaged indicates that the seed has been partially ileprived of its 
oleaginous quality through long extxisure to rain, but was subsequefitly di^ and pre¬ 
pared for market. It weighs less than 46} pounds to tlie measured bushel. 

Wet indicates a condition of a seed through the influence of moisture which, if this 
<Xindition were not present, vmuld grade No. 1 N.W. or No. 1. 

**Wet and Warm** or "Damp and Warn,** or “Hurt//,’* denote flaxseed which would 
grade No, 1 N.W. or No. 1 were it not out of conditum as stated by the terms indi¬ 
cated. 
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**Wet and Damaged*' **Wet, Warm, and Damaged," at "Damaged and Muely" are 
temiB iidiich aignif; that if onfy the damaged coiiditioii existed, witiwut being affected aa 
by the terais indicated, the seed would grade **Rejected." 

• Smoky Seed is seed intermixed with burnt seed, and it is not inspected. 

" Bumi Seed," " TaUinge," and seeds in the Last stages of decompoaitiou are not 
inspected. 

Hsvin); obtained a reliable sample, the process of estimating the 
percentage of impurities is to take one pound of the seed, weighed 
accurately on the standard testing scales, and then to remove the 
impurity or foreign matter therein as nearly as practicable, employing 
two sieves with meslies respectively 3 by 16 and 16 by 16. The per 
cent of impurity thus si'paruted can be weighed on the lower scale of 
the l)eam of the test .scales. The weight per measured bushel is 
determined by an arbitrary method of weighing the contents of a cup 
filhsl to the brim. After making the determination of per cent of 
impurities an(i weight per measured iiushel, the sample, having had 
the impurities rctunied to it, is tagged and kept on deposit thirty days. 

There are special provisions in tlie Minnesota rules and regulations 
regarding inspection and weighing in private hou.ses, that is, elevators 
or warehou-scs not operated under the provisions of the state law. 
Such houses are required to pay for inspection and weighing by the 
Slate In.spection Department, and arc obliged to permit the state 
weigher to examine and te.st their scales at any time. 

Tlic u.se of the standard sampling sieves does not satisfactorily 
remove impuritic-s from flaxseed, and where accurate work is desired it 
is necessary to resort to hand picking. The following is the method of 
testing adopted in the chief chemist’s office of one crusher: 

The original saniple is to he earefuUy quartered down until SOO grams are obtained. 
In this quartering great care must be observed to pour the linseed upon the center of the 
pile so that it is evenly distributed in all directions. Use a clean sheet of paper to do the 
quartering and see that all dirt that settles to the bottom of the quarter removed is care. 
fully bru^ed up and added to it. Screen the 500*giam sample which is token for analy¬ 
sis through an 8 or 10 mesh screen until about SO grams remain on the seteen. This 
00 grams is to be picked arrd cverythirrg other than linseed is to be set aside and weighed 
with the first dust. The clean seed obtained at this pitrking is added to what has passed 
through the screen. This portion is carefully screened, using a SO-mesh screen, rubbing 
the 8e«l around in the screen so as to remove any dust that may be attached to H; what 
passes through this screen is carefully collected and weighed, having added to it the coarse 
IHckings referred to above. This constitutes the “first dust.” The partially deaned 
linseed is now sampled down, using the tin sampler, until 50 grams are obtained. This 
is divided by the sampler into two 25-gram weighed portions, which are picked off 
separately and the impurities weighed separately. Anything in the nature of linseed. 
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whether dried seed or l^ken seed, is to be put with the linseed. The following is the 
form of calculating results: 

First dust, AOO grams 

obtained, 5.870 grams * 1.174 per coat 

Second jM(4uug, !25 grams 
obtained, 0.899 grams 
0.960 grams 
1.859 grams 

X 4 « a.7l8 - 3^ per cent 

Total impurities » 4.818 p(^ cent 

On second sapling,the results sliouid notdisagree more than 60 miUigninu}. In the 
cases of some important seeds, ihft impurities are separated into oleaginous sulistances 
and non>oleaginoiis substances. 

Seed brought into this country from abroad, that is, from the Argen¬ 
tine Republic or India,* may be purc'hased under the code of rules of 
the Linseed Association, a New York organization. These rules arc 
the same as those of the London linseed contract. 

The charges for analyzing are divided equally between buyers and sellers, the latter 
bdng respcmsible fur the same to the Association. 

American flaxseed may be analyzed under the ndes of the Assomiion, the charge for 
the same Itdng at the rate of $1.00 per 1000 bushels, but no analysis is made for a less 
sum than $5.00. 

The liondmi fonn of contract frequently used for the purchase of La Plata (Argentine) 
and Calcutta linseed, and often described as the **Fow per cent ham, Sound JMimy 
r.’ottlraef,’' provides for deliv»y of linseed in quarters of 410 or 416 pounds net.’ Tlie 
terms of payment are twoi^-une days fn»n ship’s reporting, cash less per omt. For 
purposes of declaration toe quantity is calculated on the basis of 2240 po\mds Enghsh, 
» 2210 pounds Spanish 1015 kilos. The contract quantity must be met within 
5 per cent. 

A cargo arriving damaged by sea or otherwise is to be taken with an albwance fixed by 
arlntration: 8d. pn* (quarter is allowed to the buyer for working-out charges and dues. 
Samites are takoi j(^tly by buyers’ and sellers' agents at port of discharge, cither by 
selecting or opening etu?h lug at buyer’s option. A fair sample is takai from same and 
sealed, and the whole sent together to the Inocnporated CMl Seeds Association, who, upon 
such samples of sound seed only, determine by analysis the quantity and description of 
the substances other tium linseed axitained tlierein. Hie efaa^ for analyzing is 
divided betweoi the buyer and the seller. The percentage of admixture having been 
returned, mm-oleaginous substances lire considered valueless, and tdeaginous as worth 
half toe price of linseed. The agreed standard of. admixture is 4 per cent of non- 
oleaginous substances, and if tl» amount of admixture exceeds this, the difference is 
deducted from the sdling price, or if less than 4 per edit, is added to the same. , 

’ Imported seed is purdiased by the English unit, the quarter of 410 pounds. 

’ Calcutta linseed prices are usually quoted in st^ng money for 410 pounds. At 
normal rates of endiange, the price of seed in cents per bushel of 56 pounds is 8.3 times 
toe price in shillmga per 410 pounds. 
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The regiular form of contract for Calcutta Hnaeed ia baaed on quarteia of 410 pounds 
net, in double gunnj bags. Damaged seed is taken with the following allowances; 

Eitstdass. . 4 per emit 

* Second class.. . 8 per cent. 

Third class. . .IS per cent. 

Tower class “damaged*' and sweepings are taken at a valuation 6xed by arbitra¬ 
tion, the expense of same being divided between buyers and sellers. Buyers are obliged 
to give the sorting orden, and failing to do so must pay for the seed at the contract price. 
If only single bags are delivered, buyers are allowed one ahiliing per 410 pounds. 

The dock weights are determined by weighing hve sound and undamaged bags in every 
100 as they rise from the ship, and two in eveiy 100 are emptied to ascertain the tare. 
&noky bags are sampled separatdy and sweepings weighed for sehers* account. Buyers 
have the option of weighing the bulk of the bags and sweepings at thar own expense. 
Buyers haVe the option, previous to ship’s rqtorting, of taking the linseed, all weighed at 
London weights, paying an additional shilling per quarter to the sellers. 

In any case where a shipment of seed bearing (me mark is divided between two or 
more buyers the analysis of the sample or samples representing the entire shipment of 
such mark is considered the 6nal analysis of each delivery. 

The transportation of flaxseet] on thr Great Lakes is based on the 
standard grain bill of lading modified as foibws: that the vessel is 
responsible only for shortages exceeding one-half bushel per 1000 
bushels carried: the veasel to deliver all flaxseed on board, collect 
freight upon actual outturn, and make no claim fur any overrun. Wet 
or otherwise damaged .seed is paid for by the carrier. 

During the year 1903 the shortages and overages on lake carriers to 
Buffalo just balanced each other, so that on the average of all ship¬ 
ments there was neither shortage nor overage. At some other points 
the reeord obtained is not as good. Freight rates on the Lakes vary 
widely from season to season. During one year the rate from Duluth 
to Buffalo ranged from 3 to 4 cents per bushel, with insurance at one- 
half cent. The Duluth-Toledo rate was 3] to 3} cents; that from 
Duluth to Chicago was from to 3^ cents. Seed has been carried 
to Buffalo at as low a rate as I cent. Ordinarily the Buffalo rate is 
about as low as that to Toledo or Chicago on account of the good 
opportunity for return cargoes from Buffalo, Coimeaut, Ashtabula, 
and Cleveland. The rail freight rates on seed corresponding to the 
lake rates above givoi were, Buffalo to Philadelphia, 4 to 3 cents; to 
New York, 4} to 5^ cents; these shipments being accompanied by a 
shrinkage of neatly one-half of 1 per cent. From Miimeapolis to 
Chicago the rail rate was 8 cents per 100 pounds 4^ cents pec 
bushel. 
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whether dried seed or l^ken seed, is to be put with the linseed. The following is the 
form of calculating results: 
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the substances other tium linseed axitained tlierein. Hie efaa^ for analyzing is 
divided betweoi the buyer and the seller. The percentage of admixture having been 
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’ Calcutta linseed prices are usually quoted in st^ng money for 410 pounds. At 
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toe price in shillmga per 410 pounds. 
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12 o'dodc noon. Saturday ^ihali count ha onc-haH day oufy» unless the cf^itain (pvea 
notice on arrival of willin^ess to dinchar^ targo until 6 pji. of that day. After the 
three days so specified cvnaignces are to pay demurrage at the rate of 95.00 per day for 
Heh and every day or part of day of such demurrage over the three days until the cargo 
is fully discharged. 

, In case tlie grain becomes heated while in transit, such heating not being caused by 
leakage of the boat, nor by heat from the lK>iler or lum^iinery, tlio carrier shall deliver 
his entire cargo and {)ay only for tite deheienry caused by heating, exceeding 5 bushels 
for each 1000 bushels. 

Li case the cargo is detained by the freesiiig of the canal while in transit, it is the usual 
custom that the consignees and owneia luuuime all insurable risks from time of notice to 
such consigned! that boat is stojiped until delivery of caigo at point of destination. Inter¬ 
est on all advance charges from time of sudi notice are ))dd with and as part of such 
charge. 

Tlip customary rule in rail transportation of any grain is that no 
carrier shall bo liable for <lifIi-renocs in weights or for shrinkage of any 
grain or soisl earried in bulk. 'ITiis is ors'asionally modified. On 
shipments of wheat, wm, and oats via all rail to carriers’ elevators on 
the .Atlantic sealwanl, weights are guaranUssl. This is of no valualile 
application, however, to flaxseed, as there is practieally no seed thus 
shipped. By agreement with the New York Produce Exchange the 
trunk Uni'S between Buffalo and New York guarantee tlie outturn of 
graded grains under certain conditions, but there is another exi.sting and 
di.seriminating clause exempting flaxseeil and ungraded grains generally 
from guarantee as to outturn. Many efforts have been made to seeure 
such a guarantis- from tlio carriers, but without success, the latter 
rlaimiiig that the carrying of flaxseed at regular grain rates was in ibelf 
a ronression. Flaxseed shippers have always contended and argued 
that flaxseed should lie earried at the same rato as wheat. There is a 
general impression among carriers that there is necessarily a greater 
loss in handling flaxseed than in handling other grains. 

During tlie past two years the average shortage on canal shipments has 
amounted to .71 bushel per KMM) on the entire run from Buffalo to New 
York mills, lieing only a little more than half the average shortage on 
the six-mile trip from railroad elevator to mill when the railroads handle 
the seed. 

The transportation of flax.seed from Buffalo to New York, with 
respect to demurrage, etc., is wholly regulated by agreement of the 
carriers with the New York Produce Exchange, the rules being pub¬ 
lished as a part of the Produce Exchange Annual Report. 

Rule 8 of the Exchange’s agreement with the railroads for the trans- 
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portation of grain provides that " claims for iioat shortages on flaxseed 
. . . whether ail-rail or ex-lake, will not be allowed.” The Relations 
of Inspection of the Exchange provide for inspection, and establish fees 
for such service: but these regulations do not apply to flax, which is 
purchased on primary-market grades and shipped in the name of the 
crusher. The Exchange also establishes the fees for towing canal Ixrats 
uid for railroad lighterage. 

Most Eastern crushers run largely on No. 1 or No. 1 Northwestern 
seed. A small amoimt of rejected seed or sen-enings is oeeasionally 
used. 

Crushers have frequently endeavored to obtain “Milling-in-Tran.sit” 
freight rates on flax-seed, but without general success. Such rates take 
cognizance of the fact that the oil cake is a re.sidual form of the seed, and 
the rate for the seed includes the freight on the cake to its seaboard 
destination. They have been largely granted to flour mills, a mill in 
Albany, N.Y., for example, getting a freight rate on wheat from Buffalo 
to New York, and having the privily of milling the wheat into flour 
during the transit. An objection to the application of such rates to 
linsceil Ls that the oil cake does not reprcsoit tlie entire product of the 
seed. A similar complication enters, however, into the bataneing of 
flour again.st wheat shipments, some of the fonm-r undoubtedly being 
diverted; but this complication does not appear to be serious. 

The basis of the lin.seed industry is the seed crop; and tWs, like all 
agricultural products, is subject to serious fluctuations and to the arbi¬ 
trary influences of speculation. The first linseed crushers were primarily 
speculators in flax-seed. Many of them continued in the latter indu.stry 
after outgrowing tlie former. An open and unhampered seed market 
is of vital importance to the manufacturer and consumer of oil. No 
iTOsher can .succeed unless he is a shrewd buyer and seller of seed. The 
flmtuations of the market are always his first concern. A few seconds 
of time, when prices arc varying widely, may wipe out his profits. In 
the absence of control of these fluctuations, the most essential thing is 
to provide for their close observation and for a constant alignment of 
selling policy with them. ' , 

The crusher must buy seed in order to sell oil and cake. If the price 
of oil is such us compared with the price of seed that there is no profit 
in crushing, he may shut down his mill or run on his stored seed or 
possibly buy oil in anticipation of an advance. If he has accumulated 
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stocks of seed at a low price, be may find more profit in selling his seed 
during a bull market than in manufacturing it into oil. These illus- 
•trations are only two of the large number which might be given showing 
why, at times, the crusher must sell seed or buy oil. He is further forced 
to a speculative attitude by the extreme manipulations to which the seed 
market has been subjected. The flaxseed crop is small and its products 
are necessities. It is therefore an easy matter to “corner” the market, 
and from the statistics given in Chapter XIV it may be noted that one 
hundred million dollars would sufiBre to buy outright the world’s annual 
crop of flaxseed. The crusher must therefore be a speculator to the 
extent of con.stantly trading in the seed market in accordance with its 
natural or manipulated fluctuations. As a manufacturer and dealer, he 
must also know the relation between his purchases and sales, his con¬ 
sumption and his products. In order to record these relations, be must 
determine how each successive purchase or sale of flaxseed affects the 
total quantity of .seed he owns or owes, and at what average price this net 
total quantity is held. He then compares his position witti the ruling 
market quotations. If he owns 1,0(X),000 bushels of seed at an average 
price of 98 cents and the ruling quotations are 99 cents, he is safe, but 
if the ruling quotation is 9C cents, he is a loser to the extent of two cents 
a bushel on all of the seed he owns. If he anticipates a future rise in the 
price of seed, hr may hold his .stock, or even buy more, reducing his 
average price, but if the ri,se docs not come, he is sure to lose. If he 
owes the market or has contracted to sell to consumers 3,000,000 gallons 
of oil at 40 cents per gallon, and the ruling price of oil in consequence 
of the decline in seed value has fallen to 39 cents, his customer must, 
lose, and he may gain, 1 cent per gallon on 3,000,000 gallons, or more 
than enough to offset Uie loss indicated from his position on the seed 
market. Suppose, however, that the markets have been fluctuating 
violently and that he has contracted to sell oil at 40 cents, the ruling 
price now being 42 cents; he then faces a loss on the oil market as well 
as on the seed market. 'This, however, may represent a loss of yossiUe 
profit only, since it is reasonable to assume that in making a 40-cent 
price, on future oil he had the seed in sight. 

Let us consider how these conditions are dealt with in actual practice. 
Assume that the cruriier has in stock or on contract, for quick deliveiy, 
1,000,000 bushels of seed at an average price of $1.00 at the primary 
market. Suppose that the market price of seed is $1.08, the price of oil 
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SB to 40 cents, the crusher’s working cost from seed at the primary mar¬ 
ket to bulk oil being 80 cents. The cost of produring oil, with cake at an 
as.sumed value of $80, is then $.3877 per gallon.* By .selling oil at 40, 
cents, the crusher may gain $.0783 per gallon or 18.3 cents per bushel; 
by selling seed, he may gain 3 cents per bushel. He may make 3 cents 
per bu.shel on oil sales, while marketing his oil at as low a figure as 

( 7 5\ 

$.3877 + j “ $'3396 iht gallon. Suppo.se now that “future 

seed, i.e., seed for delivery later in the season, is sc'lling at 98 cents per 
bushel. Future oil will bc', presumably, offered at a correspondingly 
low figure: and unle.ss tlie eni.sher di.sjK).se.s of the oil from his l,0(Mt,000- 
bushel stock at once, he may have to sell it later on in competition with 
oil produced from 98-<ent seed. Proliably he will sell all the oil that he 
can, and ''hedge” by .selling “spot” and buying ‘‘future” .seed. 

The (rusher bu,vs, we will say. some future seed at 98 cents and .sells 
some spot seed at $1.08 and $1.03. The rc.sult of his day's trades is to 
in crea.se his stock of seed to 1,140,000 bushels, and to decrea.se the average 
price of the seed to $.9915. Meanwhile he is trading in oil. He has a 
stock, say, of 1,000,000 gallons, which c-ost him $.3877 jjer gallon. He 
buys a .small jrarcel of seesmd-hand oil at .35 cents, and sells .‘WO.OOO 
gallons at the prices given. The profit on the oil wliich he .sells makes 
his remaining .stock of oil “stand him” leas tlian it originally co.st, or 
$.894<i per gallon, which is $.0891 leas than oil can be produced for from 
the seed which he owns. His day’s tran.sactions on oil have apjmrently 
netted, therefore, $80,370. He has de]>lcled his oil stock 300,000 gallons; 
for which he has reechoed a net rectum of $181,500, or $.405 |)er gallon. 
The seed necessary to replace-the oil lo.st is 300,000 X 7l -e 19 — 118,400 
bushels; and as he has purcha.sed 140,0(K) Imshels, he has not oversold. 
The record would l>e more complete if the cake trades were analyzed in 
the same manner. 

Such an analysis as tliis, made daily, is necessary to show the cru.sher 
whore he stands with respect to the market. If he .summarizes in this 
way hi.s net purchases of seed, his net sales of oil and cake, the average 
prices, and the effect of the day’s trades on his total stocks, then he |s in a 
position to bargain intelligently, bearing in mind at all times the capacity 
of his mill for cru.shing and for storage and the conditions of transporta¬ 
tion which affect the delivery of his seed. 

* See Table, Appendix. 
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CHEMICAL CHARACTERISTICS OF LINSEED OIL. 

Rdereiicus. —Importauoc.—Diying oils.—Cumpusitiou of linseed oil.—Properties.— 
“Breakinff.’*—Chemistry of drying.—Charaeteristies of pure raw American oW- 
proeess oil.—Physical attd cheinieal constants.—Standard specification for raw 
linseed oil.—Rosin test.—livachc and Bisltop silica drying test.—Prcdpitalcd 
lead drying te.st.—Saponification number.—Soluble and itisoluble acids.—Iodine 
absorption.—Hanus method, Wijs method.—Application to the determination of 
nrsin.—Maumerie test.—Muior tests.-Acetyl values.—Specific temperature num- 
Irers.—Usual adulterairts.—^Rosin oils.—Hydrocarhou oils.—C'onr oil.—Substitute 
nils.—Mixtures.—New York law regarding adulteration.—China wood oil. 

The ohemistry <»f linseed oil ha.H lieen treated quite comprehensively 
by various writers, the most complete work Ireing, proliably, Lewko- 
witseh's adaptation of Bc-nedikt's Analyse der Fetle, the Chemical 
Aimlysis of OUs, Fats, and Waxes^ Ixmckm, 1898. This is now scarcely 
up to date. Professor Olsen’s Quantitative Chemical Analysis (D. A'an 
Nostrand Company, 1904) deals briefly but broadly witli the usual 
physical and chemical tests. Bulletins Nos. and 81 of the United 
States Department of Agriculture give useful recent data on oil analysis 
in general, describing in detail the determination of standard constants 
and the detection of the constituents in mixtures of oils. Mulder was 
prolrably the pioneer in oil chemistry in general. 'Phe analysis of fats 
and oils is a broad subjeut, worthy of exhaustive treatment in itself. Its 
im|S)rtauce to the crusher and ron.sumer of linseed oil lies in the facilities 
it affonls for the detection of adulteration. I*robably no crusher at the 
present day ever intentionally adulterates his oil. Sophistication, if 
practiced at all, is practiced by others than manufacturers, and only at 
times when the price of oil is high. Its effect is always harmful, and its 
c'xistence not always easy to determine by superficial inspection. 

Linseed oil is clafsed with the drying oils. All fixed oils are glycerides, 
i. e., compounds of glycerine with fatty acids. A drying oil is one which 
solidifies to an clastic substance upon exposure to the atmosphere at 
ordinary temperatures. All such oils contain fatty acids analogous to 
that in linseed oil, i.e., linoleic acid. The drying property is due to the 
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presence of the linoleic' or similar acids, which are found in poppy, wal¬ 
nut, hemp, tung, and castor oils, as well as linseed. The glyceride of 
linoleic acid is linolein; the corresponding glycerides of oleic, palmitic,, 
and other acids make the principal remaining constituents of the oil. ()f 
the total fatty acids present,alx)ut 85 per cent impart di.stinct drying prop¬ 
erties. The acids themselves do not dry, but only the re.sulting glyce¬ 
rides — linolein, and analogous glycerides, olein, palmitin, myristin, etc. 

Besides tlie glycerides, linseed oil contains traces of coloring matters, 
including xanthrophyll and chlorophyll (yellow), chlorophyll (green), 
and erythrophyll (red). Small amounts of butyric, valerianic, and 
capmic aidds are also present. 

The physical and chemical constants are given differently by various 
writers, prolrably on account of the use of treated or eold-prcssed rather 
than ordinary raw oils in nuiny of the experiments.’ The raw oil of 
commerce is not cold-pre.ssed oil, and will not give the same results in 
the laboratory as the latter. The former lias a bland taste and sweet 
odor. Its specific gravity at 6(1 degrees F. varies from .628 to .940, and its 
volume is therefore about 29.7 cubic inches per pound at 60 dt^pxies F. 
One United States standard gallon contains about 7.8 pounds, but the 
oil is always sold by the commercial gallon of 7i pounds. Its specific 
heat is ..S. It is soluble in 5 parts of Iwiling absolute alcohol, in ether, 
carixm disulphide, benzine, etc. It is solidified by the action of chloride 
of sulphur, the jelly-like ma.ss obtained being sometimes used as a 
rubber substitute. The cocflBcient of expansion is .00045 per degree F. 
It does not polarize light. Unless taken directly from the presses while 
hot, it contains very little moisture.’ The ultimate analysis of the oil 
shows carlxm 75.27, hydrogen 10.88, oxygen 13.85 parts m 100.* While 

< Hazum has identifled analogous acids which he names linolenic and isolinolenic. 

’ ITie origin of the seed also ap|)eurs to affect the chemical and physical characteristics 
of the oil. Thus, there is a pn)gressive (though slight) improvement in oils from seeds 
derived respectively from the American Northwrat, India, Morocco, Holland, and the 
Baltic, evidenced by an increasing iodine absorption value, etc. These differences Ijcar 
no relation to any differences in percentage of oil from the seed. According to Maire, oil 
from American seed is slightiy inferior to oils from imported seeds because the American 
seed is not allowed to become fully mature. 

• One sample of commercial raw oil was exposed 1o the air for eight days, xluring 
which time a small portion was taken daily fur the determination of moisture. The 
results gave the following percentages; .OS, .06. .04, .06, .07, .05, .04, .058. The pres¬ 
ence of moisture up to ime-half of one per cent would evidence freshness only, and would 
not in general detract from the working qualities. 

* Cold-pressed oil gives carbon 7S.11, hydrogen 10.86, oxygen 11.08. 
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a superficial examinatian is insufficient to detect adulteratbn, if an oil 
satisfies certain crude tests, easily applied by any intelligent person, it 
•may usually be presumed to be pure. The taste, smell, and color are 
rliaracteri.stic, while the consistency, specific gravity, and behavior under 
Beat may lie easily checked against those of standard samples of known 
purity. The most eharactcristie of all of the properties of the oil is that 
of “breaking” when heated. Hot-pressed oil (not too old) when raised 
to a temperature a little above 400 degrees F. shows a sudden and distinct 
separation of a cloudy gelatinous mass. This phenomenon is known as 
“ breaking.” Some other oils (com oil, for example) will break, but in 
a different way and at different temperatures. Cold-pressed linseed 
oil from unground flaxseed does not break, nor does hut-pressed oil if 
very old — say a year or more. On account of “breaking,” raw oil is 
not .suitable for applications in which high tcmi>eratuies are attained, as 
in varnish making. Few treatises on oil chemistry attach sufficient 
importance to the “breaking” as a characteristic liehavior of linseed 
oil.* Upon complete ignition, linseed oil leaves a tarry residue. Restricted 
combustion gives a thick brown residue known as “bird lime.” Cold- 
pre.sseil oil is characterized by a lighter color and a less peneptible taste 
and smell than those of ordinary raw oil. It is used in some countries 
as a table oil. New-process oil (sec page 176) differs somewhat m color, 
and more slightly in chemical reactions, from old-process oil. 

Most of the applications of linseed oil depend upon its charactcri.stic 
drying property. 'Fhe solidified oxidized linoiein resulting from the 
drying is called Imoxyn. Hiis is analogous with similar oxidation 
products of the other glycerides in the oil. It differs from linoiein in 
containing a larger proportion of oxygen. It forms a dry elastic mass, 
yellow or brown in color, resembling india-rubber in its properties. 
There is some question as to whether the glycerine contained in the 
linoiein is set free during the drying, as carbon dioxide and water. The 
weight of evidence favors the theory that the glycerine for the most part 
remains in the dried film, along with a large proportion of added oxygai. 
The absorption of oxygen in drying may be olrserved by causing a thin 
layef of linseed oil to dry while contained in a vessel placed mouth 
downward over a bath of mercury. The volume of air confined above 

' As to the cause o! *'ltfeaking/’ furaierly thou^t to be due to the coagulation of 
albuminous matter, G. W Thompson has shown that it follows the sqtaration of vari¬ 
ous phosphates, which will settle out if the oil is allowed to age. Very old oil, thowfore, 
will not break. 
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the mercury will decrease as drying progresses. The weight of oil will 
increase, though not exactly in proportion to the oxygen taken in from 
the air; and the residual air aliove the mercury will Ire found to contain, 
traces of carbon dioxide and an excessive amount of nitrogen, witli, 
poasibly, very smalt amounts of water and volatile acids. According to 
Toch,‘ the amount of carlxm dioxide evolved hy the oil in drying in no 
case exceeds eight-tenths of one per es-nt, while the absorption of oxygen 
may l)C as much a.s 19 per cent. He ismeludes that the amount of earlxm 
dioxide given off by linseed oil under normal conditions “cannot Iw very 
great.” This is of much practical imiK)rtance. Carlwn dioxide acts 
as a ru.st producer on iron or .steel, and if it were liberattsi in large quan¬ 
tities by linseed oil, that substance would damage rather than protect 
iron work when applied to such work in the form of paint. 

Glycerine may lie liberated from linseed oil by suitable treatment, as 
will be further de.scribed. Saponification may lie produml, in fact, by 
the action of water alone, which frees the glycerine and “hydrolizes” 
the oil, the resulting product lieing porous and non-waterproof. If, 
however, the oil is combined with a suitable base, like tlie ferro-fciri- 
cyauide of iron, the resulting film is not a mixture of glycerine and 
linoleic acid, but a complex compound of the various fatty acids with 
iron, which is highly elastic and watcrjiroof. The .soaps produced by 
the sa{)onification of linolein aie linoleates, .some of which are soluble 
and some insoluble. With oxide of Icail, for example, lead linoleate is 
formed. Tliis dries, forming linoxate of lead. 

A sjiecification for linseed oil .should be drawn up with great care. 
Even the precise limits of specific gravity of pure oil arc not definitely 
known. Many widely quoted figures for the physical and chemical 
properties are based on old experiments made on raw, Isiiled, or treated 
oils produced in various ways from different kinds of .seed and in various 
stages of age mid sedimentation. They are often not comparable with 
one another. Some of the chemical tests to be described require extremely 
nice manipulation, and even in the hands of chemists the re.sults of the 
operations arc not always to lie rtdied upon. The following an' the 
distinguishing characteristics, so far as known, of pure raw linseed oil. 
The constants given do not neceasarily apply to treated oils, and they are 
ba.sed on experiments with ojls from American, Argentine, and Calcutta 
seeds, made by the old process only. 

* Chemi^y and TfchwAogy af Mixed PainUt. 1). Van Nosttund Oxnpany. 
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Color; a sample should be compared with a sample of oil known to be 
pure, by transmitted light through several equal thicknesses of layer. 
•In cold weather, the oils should lie warmed before examining. Unusual 
darkness sugge.sts the presence of rosin or heavy mineral oil. 

■ Taste: should be not disagreeable; not nauseating; bland rather than 
sweet; leaving no unpleasant permanent flavor. 

Odor; this is unmistakable, but varie.s with the age of the oil. When 
rubbed between the hands, a whitish lather should form, the temperature 
should rise, and the mealy flavor lierome mo^- pronounced. 

Bloom: none. By dropping a small quantity of the oil on a strip of 
glass painted with lampblack, the presence of mineral or rosin oils is 
indicated by a blue or gray coloration in strong sunlight. 

Specif <• gravity: from .928 to .940, as already stgted. 

Freezing: linseed oil has an extremely low freei^ng point, viz., 18 de¬ 
grees F, below zero. Fish oil freezes at 32 degrees F., cotton-seed oil at 
6 degrees, rosin oil at 20 degrees, heavy mineral oils at about 0 degrees. 
The only oil that congeals at a lower point than linseed is walnut oil. 

Moisture: even when very fresh, not more than one-half of one per cent 
of the weight .should l)e lost when the oil is heated for three hours at 
212 degrees F. 

Foots: not more than one per cent of sediment should appear from oil 
which has been kept in a quiescent .state between SO and 80 degrees F. 
for 96 hours. 

Breaking: this action has lieen diseu.ssed. It should occur Ix-tween 
400 and 450 degrees F., and the coagulated mass should be of about the 
same color as the oil — usually somewhat streaked. 

Flash point: not iielow 500 degrees F., usually about .525 d^pees. A 
pre.ssed-tin cup or other dish thatwill stand heat is placed on a sand plate 
over an oil or gas heater and gradually warmed while stirring with a 
thermometer having a range up to 700 degrees F. As the oil is heated, 
the flsme from a small taper is occasionally brought into contact with its 
surface. When benzene or turpentine is present, the oil will flash at a 
temperature but little above that of the room. Rosin oil and the heavier 
petrojeum oils have a higher flash point, which is, however, still lower 
than that of linseed. The pure oil should take fire and burn quietly but 
with an intensely irritating odor at from 625 to 640 degrees. 

Drying: comparison of the time of drying on glass with that of a 
standard sample will oftoi show impurity. If the sample dries “tacky,” 
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rosin oQ may be present. Only pure oil will stand rubbing with the 
finger while drying without peeling off. Ihc ^ea drying test or 
Livache’s precipitated lead test may also be applied. . 

R^Toctum: the refractive index of pure linseed oil varies from 1.4835 
at IS degrees C. to 1.466 at 60 degrees C.* The refractometric deviation 
of linseed and other oils is tabulated by lavache.’ 

CaiutanU: the standard physical and chemical tests, some of which are 
described later, give the following results on pure raw oil: 

Heat of bromination from 29.8 to 32.5 degrees C.’ Ihe bromine 
thermal value is the highest obtained for any oil. The bromine absorp¬ 
tion figure (per cent absorbed) is from 105 to 115. Roan oil ahsorbs 
60 to 200, turpentine about 265, rosin from 135 to 165 per cent, while 
menhaden oil gives the same absorption as linseed. All other oils show 
less absorption. The bromine addition figure is from 100 to 110—higher 
than that of any probable adulterant excepting turpentine. The bro¬ 
mine substitution figure is less than 7 — about that obtained by mineral 
oils, menhaden oil, com oil, or eotton-seed oil. Rosin, rosin oil, turpen¬ 
tine, and benzene give higher figures.* 

The Maumra^ te.<it gives temperatures of from 100 to 111 degrees C. 
Age increases the Maumen4 value. With the exception of some fish oils, 
no other oil gives as great a rise of temperature. 

The iodine absorption figure is from 170 to 187 per cent. This is the 
highest figure given by any of the fatty oils. Exposure of the oil to the 
air (oxidation) decreases the absorption of iodine. The Baltic seed pro¬ 
duces an oil having an excessively high iodine value. Early observers 
reported figures as low as 148 per cent; these are attributed by Lewko- 
witsch to the use of insufliaent excess of iodine. 

The acid value is quite variable, but usually less than 7. Rosin 
shows an add figure of 155 to 16S,‘ while mineral oils give zero. 

The saponification value is from 187 to 197 (milligrams of caustic 
potash). The oil should contain not more than IJ per cent of unsaponi- 
fiable matter. Thomson and Ballantyne found the percentage to range 

' Levkowitsch. 

’ VamMa, OH Cnahing, tie. (Scott, Greenwood ft Co.) The bulletina of the 
Deportment of AgHculture, already referred to. describe the method of determination 
of the refractive index. 

' Lewkowitach. 

* Mcllhiney: Report to the Commissioner of Agriculture of the State of New York. 
Albany. 1801. 

* Mcllhiney, op. eiL . 
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from 1.09 to 1.29. The method of determination is fully given in Bulletin 
No. 81 of the Bureau of Chemistry, United States Departmait of 
Agriculture. 

Linseed oil does not solidify under the eiaidm test. Its acetyl value 
i» from 6.85 to 8.7. 

Fropoaed Sicmdard Specijieaiion for Raw Linked Ofl. 

The oil sha ll be that obtained [by expression^] from clean North American or Aigen- 
tine flaxseed. It must be standard clear amber color at 65^ F., and shall have a spe* 
rifle gravity between .928 and .940 at 60° F. It must not freexe at a temperature higher 
than IS® F. below zero. It shall not contain m<»e than one-half of one par cent of 
mmsture, nw more than one per cent of foots. It miMt not flash below Sf)(f F., nor bum 
below 600®.P. It must show a rise m tonperature of not leas than IW) degrees in the 
Maumene test; an iodine absorption of frcMH 170 to 187 per cent} and must not contun 
more Uian If pa cent unsaponifiable. 

Brirf outlines of the methods for making the more (x)nimon standard 
tests are pven below. The preliminaiy examination usually comprises 
a few simple operations which determine qualitatively the probable nature 
of the oil. These are followed by the more definite quantitefive meas¬ 
urements where the necessary equipment and operators are avwlable. 
The first class of operations includes a test for rosin and two drying tests. 

Roain Teat. 

Mix by together quickly, equal volumes of tlie ml and of grain ^cohol. 

Allow to stand for one hour, then dKant the aleohoUe layer and into the decanted solu¬ 
tion dn^ from two to five drops of load acetate. AUow to stand for six hours. The 
presence of rosin is indicated by a permanent white sediment. 

The Limche and Biehop Sdiea Drying Teet? (Hooker.) 

About 10 grams (150 grains) of finely powdered silica are placed m a small glass petri 
dish, together srith a short glass stirring rod. The whole is carefully weighed and 
about one gram (15 grains) of the oil to he tested is run in and the whole carefully stirred 
without loM. The weight is again taken, the difference giving the amount of oil token. 
The dish is now placed where it will receive a change of air and light but be protected 
from dust, and is leweighed at definite periods, the change being noted. With a slow- 
drying raw oQ, the silica used is specially prepared by mixmg it dry and grinding in veiy 
carefully one-half per cent each of red lead and black oxide of manganese. This addi¬ 
tion materially hastens the diyiug of the cal and thus shortens the pwiod of lAservetion. 
On this basis raw ffll has made ite full gain before any change in waght is noticed with 
com oik for example; although this last oil on tong-continued exposure makes some 
gain u^« this treatment, raw linseed cul gains from 15 per cent t» 18 p« cent; boiled 
oil fr^U to 17 per cent, unless from tong keeping it has become Uttj. (As an example 

> May be (Knitted if new-process oil is aoeeptable. 

• Accoiding to A. H. Sabin (paper before the Not seedra rf the Socje(y of 
Chemical Industry. 1908) there appear some unexplained irregularitiei in the hureuea 
m weight of reputedly pure oils teried by this and similar methods. 
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of thu. a most excellent lead manj^iese boikd oil, which showed an orijjinal gain of 
15.8 per cent in drying and 1.S5 per cent of ftee fatty arid, after keejnng for IS months in 
a loosely corked bottle so that it had become distinctly fatty, sufficiently so to cause 
trouble in painting, then showed a maximum gain of but 10.6 per cent and had deveiopedi 
nearly 6 per rent of free fatly arids.) 

Adulterated oils generally show less gain than pure oils, and if a volatile product js 
present, as is common, the ml frequently shows a loss in weight within a few hours. 

funurhe Pnciptiaied Lead Drying Test. 

This is made by weighing out about one gram of precipitated lead on a watch glass, then 
slowly adding oiie>lralf gram of oil at various points over the aurfare of the lead. The 
lead is prepared by precipitating a lead .salt on a nine plate, tlien washing and drying tii 
txiruo. The oil dries by alrsurbing oxygen, and the increase of weight is a measure of 
the drying qurdity of the oil. According to Livarlie, the increase in weight in two days, 
with pure linseed oil, was 14.3 per cent, its nearest competitor showing only about half 
this increase, lliis test can be easily made by anyone after a slight amount of practice. 

Of the more definite quantitative tests, those most important are the 
determination of the .sapunifieation number, the iodine absorption, and 
the rise in temperature with sulphuric aeid (Maumene teat). Speeial 
tests for lioiled oil and other sjrerial oils will be discussed under the proper 
headings ferr these products. 

ITie saponification numlrer indicates the number of milligrams of 
caustic potash necessary to completely neutralize the acids present in_ 
one gram of oil. When an oil is treated with an alcoholic solution of 
caustic pota.sh, the glycerides are broken up and the acids are saponified 
by the potash. As the acids present in various oils differ in molecular 
weight and Itasielty, varying amounts of potash are required to neutralize 
various oils, the amount necessary for any given oil being, however, fairly 
constant As the mmeral oils, benzene and turpentine, are not saponi¬ 
fiable, their saponification numiter is zero. The numtier for rosin oil is 
less than SO; for menhaden oil, almut 180; for corn oil, about 189; for 
rosin, 17S to 19S. The following values are given by Olsen.* 


Butter 

. «t6-i33 

Cod-liver oil . .. 

. 175-206 

Oleomargarine . .. 

.. . 192-200 

^)enii . 

. 188-147 

Cocranut oil . . 

S53-470 

Cocoa butter .. 

.. . 192-202 

Lard. 

. . 198^200 

Sesame <xl . 

.. 187-198 

Olive (xi . 

. . 187-203 

Wool fat. 


Niger oil. 

.... 186-191 

Almond oil. 

. 18^.9-195.5 

Q)tton-«eed oil . 

.191-196 

Peanut dO. 

.ll’5.6-197 

Colza or rape oil. 

175-179 

Palm oil . 

. } *0* 

Castor oil. . .. 

I79-186 

Beeswax. 

. 90-100 


Baw linsasd oil, IBT to 107.’ 

' QtanUhOiee diemical Amlyeie. D. Van Nostrand Company. 
’ China wnod oil, 164. 
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Dettebmination or SAroNiritATioN Number.* 

Tile s^nification immlier and soluble and insoluble odds are detennined in one 
sample by the following method: 

t 

(a) PRRPABATION OF REAGENTS. 

, Standard sodium hydroride eolutim. ~ A decioormal solution of sodium hydroxide is 
used. Each cubic centimeter contains 0 0040 grum of sodium hydnudde and neutralises 
0.0(»J8 pTim of butyric acid (C,Hg()j).* 

Alcoholic potaeh mduHon. — JDimoIw 40 grams of good potaasium hydroxide in one 
liter of 95 per cent redistilled alcoliol.’ Tlie solution must be dear and the potassium 
hydroxide free from carl)onates. 

Standixrd m'M wdidtnn.—Prepare accurately a half>numia] solution of hydrochloric add.’ 

htdicaim. — Dissolve one gram of phenolptitbalein in 100 c.c. of 95 per cent alcohol. 

(b) WEIGHING OK SAMPLE. 

'I'he s^nification is carried on in a wide-mouth Erknme^r flask bolding fnun 250 
to 300 c.c. 'J’hese are clraned by thoroughly washing with water, alcohol, and ether, 
wiped perfectly dry on tlie outside, and heated for one hour at the tnupcrature of Iwiling 
water. 1'lie flasLs are tlien placed on n tray, covered with u silk luuidkerrhief, and 
allowed to cool. 'Fhey must not lie wiped with a silk hundkercluef within fifteen or 
twenty minutes of the time they are weighed. 

About 5 grams of tlie oil, which has been fUtered, is run in by means of a {npette, and 
after cooling the flask and contents are again weighed. 

(c) K()ETEiTOm''ER OR AAPONIKICATION NUMBER.* 

Measure 50 c.c. of the ^coholic potash solution into the flask by means of a burette or 
pi{K>tte, which is allowed to drain a definite time, ('onnect the flask with a reflux* con¬ 
denser and boil for thirty minutes, until tlie oil is completely saponified. Cool the flimk 
and titrate with half-normal hyilrochloric add, using piienolphthaldii as indicator. The 
Koetstorfer mimlier (milligrams of jmtassiuui hydroxide retiuired to saponify one gram 
of oil) is obtained by subtracting the iiumlier of culiic c'entimeters of hydrochloric add 
used to neutralise the exents of alkali after .saponification from the niunber of cuUc 
centimeters necessary to neutralise tlie 50 c.c. of alkali added, miiltiplying the result by 
28.06 (mg. potavthun hydroxide per culiic centimeter) and dividing ly tlie number of 
gram.s of oil used. 

To calculate the *‘sap(miflcatioii equivalesit,” divide 56,100 by the saponification nom- 
b«r, the saponificatiim equivalent bdng the number id grams of ml sapimified by one 
equivalent of potassium hydroxide, or 56.1 grams, lline is no advantage in stating it 
in this way, and for the sake of uniformity, the Koetstorfer number bdng more generally 
used, it would seem advisable to adopt it. 

* U. S. Dept, of Agr., Div. of Qnnn.. Bui. 46 revised, p. 47. 

*Thev standard normal solutions may be purchased ready for use from the larger 
chemical|supply houses. 

’ TWhicobol should be redistilled from potassium hydroxide on whidi it has lieen 
standiitf for some rime, or with which It has been bdled for some rime, using a reflux 
condenser. 

* Chiefly of value in oil work in the detection of rajie-ml, resin, and paraffin (noduds. 

* Almost any sort oi a reflux condenser will do. A small funnel placed in tibe mouth 
of the flask is perfectly satisfactory and very ccmvmient. 
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((2) HOLUliLR ACIDS. 

Place the flask on a water bath and evaporate the alcohol. Add such an amount of 
haif'normtd h^irochloric ackl that its vdume {flus the amuont used in titratmi; for the 
saponifleation number will be one cubic ceutimeta' in excess of the amount requiml td 
neutralize the 50 c.c. of alcolioUc potash added. Connect the flask with a condmsmi; 
tube tluree fed long made of small gla^s tubing and place it on Uie steam bath until the 
separated fatty aiids form a clear stmtum on the up]>er surface of the liquid. HU the 
flask to the nedi with hot water and coed it in ice water until the cake of fatty adds is 
thoroughly luerdened. Pour tlie Uquid contents of the flask through a dry weighed Alter 
into a litcT flask, taking c»re not to break Uie <nikc. HU the flask again with hot water, set 
on die steam lutli untit the fatty adds collect at die surface., cool by immersing in ice 
water, and Alter die lic|uid again into the liter flask. Rqieat tiiis treatment with luit 
water, followed by cooling and filtration c^ the wash water tliree times, collecting the 
washings in die Uter flask, and titrate widi dec'inormai alkali, using phcnoiplitludein os 
indicator. 

Ilie niunlier of culiio ceniimeters of dcdnonnal alkali used in this titradon dumn> 
ished by Ave (coiTes(X)nding to the exccas of one centimeter of half’iHtrmal add) and 
multiplied by 0.U088 gives die wdght of add in the amount of oil saponiAvd: dividing 
this by die weight oil taken gives the t)efcentege of soluide acids. 


The determination of iodine alisorption may in some cases serve to 
identify an oil. A mea.sured amount of iodine solution is allowed to act 
on the oil, under certain established conditions. A i-onsiderable pro¬ 
portion of the iodine (bromine may lie used as an alternative) will be 
found to have been al)sorlM>d by the fatty acids. The values for this 
constant as reported by various observers do not a^;ree closely, largely on 
account of inaccuracies of early methods of determination. G)nsidering 
results obtained by the Wijs or llanus methods only, the following are 
the usual iodine absorption values.* 


Butter. 

(kxXMJlUt oil... 
Cum dl. . .. 
(kition'fceed oU 
Konut ... . 

Lard dl. 

Magnolia oil .. 
Mustard oU.. 


30.6 to 36.< 
8.6 tu 9.05 
110.6 to m.i 
105.4 to 107.8 
6.4 to 6.43 
56.9 to 74.5 
74.0 to 70.4 
103.8 to 118.5 


Oleo oil. 

Oleomargarine... 

Olive oil. 

Peanut dl. 

Popi^ oil . . . 
Rape oil ..... 
Sesame cdl . .. 
Sunflower dl.... 


43.3 to 43.5 
510 to 66.0 
79.9 to 91.4 
fl7.«to 99.0 

119.6 tu 139.1 
98.8 to 105.7 

106.5 to 111.7 

107.7 to 119. 


Saw Unsoed oil 170 to 187.’ 


The original method for determining iodine absorption, that » HUM, 
is described in Bulletin No. 65 of the United States Department i' Agri- 

’ Olsrai, op. eit, pp. 416, 417. McUhiney (op. cit.) given for mineral oils 1« Rian 
15; rosin oil, 40 to 60; menhaden oil, 160 to 180; rosin, 140 to 160. Tliese values were 
obtained by the Hiibl method. 

* China wood cal, by the HUbl method, giv^ 160. 














CHEMICAL CHARACTERISTICS OP LINSEED OIL. 


m 


culturp, previously cited. This has now been generally superseded by 
the Wijs or Hanus methods, involving the following procedures; 

* DKTKRMlNA’nUN OF lODlNE AlMORFTION — HoiUU Mftkod} 

(fl) PHKPAUATIO.N OF REAGENTS. 

1. Iodine solution. — (a) DuMlve 13.!2 grains iodine in 1000 o.c. glacial acetic 00.5 
per (vnt acid (showing no reduction with bichromate and I 1 ,S 04 )'. add enough bro¬ 
mine to double the half^n content determined by titration — 3 c.c. of bromine is about 
till’ profKT amount. The iodine may lie dissolved by the aid of hmt, but the solution 
should be (xdd when bromine is added. 

"i. Ikrinomal sodiain ihiotnd'phaie sobitum.—DimAye ^.8 grams of ebcmically pure 
Bfxiium thiosulphate, freshly pulverised a.s finely as possIUe and dried lictween filter or 
Idottiug ]>uj)cr, and dilute with water to one liter at the b^perature at which the titratimiB 
arc to be made. 

3. HUirch poide. — One gram of starch is boiled in 400 <*.c. of distilled water for 
10 minutes and cooled to room tempemture. 

4. Solution of poiassiwni iodide. — One hundred ami fifty grams of potassium iodide 
are dissolved in water and made up to one liter. 

5. IMeiaom I /x^Wum bichromate. — Dhwolve 4.0006 grams of chemically pure 
pf^assJum hichronuite in distilled water, and make the volume up to one litn* at the 
temperature at which the titrations are to lie made. 'Plie bichromate aolution should 
be (‘heckeii against pure iron. 

(6) DETERMINATION. 

1. Standardizing the sodium thiasvlphafe soluiwn. — l^oee 40 c.c. of tbe potassium 
bidiromate solution, to wlileh has lieon added 10 c.c. of the solution of potassium iodide, 
ill H glass-stoppered flask. Add to this 5 c.c. of strong hydrochloric add. Allow the 
solution of sodium thiosulphate to flow slowly into the flask untii the yellow color of 
the liquid has almost disappeared. Add a few drops of tbe starch paste, and with con¬ 
stant shaking cxmtiuue to ^d the sodium thiosulphate solution until the blue color just 
disappears. 

4. Weighing the sample. — Weigh about 0.145 gram of oiP on a small watch crystal 
or by otiier suitable meam<. The oil is first melted, mixed thoroughly, poured onto tbe 
costal, and allowed to cool. Introduce tbe watch cr^tal into a wide-moutl) Ifl^iunce 
Imttle with groiindi^lasH stopfier. 

3. Absorption of iodine. — The oil in the bottle is dissolved In 10 c.c. of chloroform. 
After complete solution has taken place, 45 c.c. of the iodine solution are added. Allow 
to stand, wHh occasional shaking, for 30 minutes, llie excess of iodine should be at 
least 60 per cent of the amount added. 

4. Titration of ^ tmabsorbed iodine. — Add 10 e.c. of the potassium iodide so]utioi> 
and shake thcnoughly, th^ odd 100 c.c. ct distilled water to the contents tbe bottle. 
Titrate tfie exc^ of iodine with the sodium thiosulphate solution, whldli is added grad> 
ually, constant shaking, until the yellow color of tbe solution has almost disap* 
peare^f Add a few drops of stardi paste, and continue the titration until the blue color 
has en^y disappeared. Toward the end of the reaction stoppo* the bottle and ahalr«i 

> If oidinazy fats of low absorl^ng power are being tested, the samjJe may wwgh u 
much os one-hidf gram. Usual oils should be taken in samples oi from 0.150 to 
0.450 grams. 



230 


UNSEED OIL. 


violently, no that any iodine mnaiuiug in Miliitioii in the olilorufomi may be taken up Iqr 
the potaMum iodide solution. 

6. Urtftng the ivlue of iodine solvHon hy ihmuIfknU aoluHott. — At the time of adding 
die iodine !4olutiou to the oil, two Ixittles of the !«mc slice a.s thosi* uned fur the delcnnit 
nation ahoiild U* employed for condueting the operatkm deacriln'd alK>ve, but witlmut 
tlie preKciuv of any oil. In every other resiNvt tlie pcrfonnaiice of the blank exjieriinenta 
should W just as desnibed. These blank experiments must lie made each time tlie 
iodine solution ia used. Gneat care must be taktii that tlie teui))erature of the solution 
does not eiiunge during the time of the operation, as act'tie luid has a very liigh m'ffii'ient 
of ex]iaiiHion, and a slight eliange of teinpemture makes au appreciable differeiuv in the 
strength of the solution. Example blank determinations: (1) Forty e.e iodine solution 
reijuired 6i2.0/) e.e. of MHlitnn thiosulphah' solution. (2) Forty e.e. iodine solutiuu re¬ 
quired 62.1.5 e.<‘. of sodium tluosulphate solution. M^. 62.1 c.c. 

Per eeiit of iodine alisorl>wl: 


Weight of oil taken grams 

Qiiontity of iodine solution used ciibie eentimeters 

ll]ioHul})luite ecpiivaleut to iodine list'd . do 

I'lihisulpliate equivalent to remaining ualine <lo 

Hiiosulphute oiuivaleiit to itxline alisorlxtl do 


Per (<eiit of iodine alwuHietl (61.9 X 0.012 X 100 - 1.0479) 


1.0479 

40.0 

621 

.10.2 

61.9 

69.61 


Thi‘ following prerauUons slioukl be exertised in the ust* of this solution. 

1. Great care must lx* used to prevent change of temperature of the solution, and 
whm any number of determinations are to U* made, blanks should measiut'd out at 
short intervals. Cl^iis preeaiitioii applies h.s well to the use of the Iliihl .solution, as the 
coeifident of cKpanidon of alcohol is laige) 

2. When tlie putassiiuu itxUde is added the solution should Im> thoroughly mixed 
before the midition of water. 

3. The acetic add must be full slrengtli and ]>ure in order to obtain a solution wliieh 
will ke(^ well. 


Detkkmi.nai'iox i'v Iodine Abhobfuon -Wua Method.^ 

])i.ssolve 13.2 grams iodine in acetic acid, same as used in llanus solutiem, and run 
in current of dried and jnirified chlorine gas until the balqgi'ii content is nearly doubled; 
a slight excess of iodine should be allowed. 'Elie solution may also lie mode by dissolv¬ 
ing 10 gramx iodine trichloride in glacUl acetic add and adding 10.8 grams of itxliue. 

The sdufa'on is used in the same manner as m the Uanus metliod except that an 
excess of 70 per cent of the iodine added is allowed; 10 o.e. of Uie potassium iodide solu¬ 
tion is added, and the time of rnietion U made 15 minutes to 30 minutes, depending on 
whether a nondrying di, a drying oil, a fat is trated. After tlie potassium iodide solu¬ 
tion is addeil the mixture must be shaken thoroughly before adding the water. 


All improved method of detenninmg the presence of rosin arisfes from 
either of these methods for iodine absorption, being; based on ihe low 
constant and the red coloration produced by either rosin or rosin dp. 

’ Tim original source^ of these improved methods are given in the bulletiu referred to 
as follows: Hanus, Zeih. Nahr. Genusm., 1901, 4, 913; J. Soe. Vhem. Ind., 1902,455: 
Wijs, BerteWe, 1898.752; J. Soe. Chem. Ind., loc. rit. 
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When oils an* mixed with concentrated sulphuric acid a rise of tem¬ 
perature occurs. Under standard conditions this increase of tempcra- 
*ture is constant for a given oil. The number of degrees centigrade of 
rise of temperature of .50 grams of oil with 10 c.c. of wmeentmted acid is 
the Maumene numl)er. Olsen' summarizes the results of various experi¬ 


ments as follows; 

Nij^r oil .... HI to Alniond oil . St to M 

Cniiie cotton-seed oil . 61 to Veaimt oil .45.5 to 67 

ReHnefi «itton-seisi oil 74 to 77 Olive oil . 3S to 45 

Sesame oil. . . .66 to 68 Castor oil . 46 to 47 

Colaa oil 51 to 61 

Raw linsasd oil, 100 to 110. 


Mamtrnf Text 

\ 11-iueli 7-otnsv lieat-re.siHtinjr zl’ve; f(s>t tulx* is rauuterbalaneisl and exaally 56 
grams of the oil an* intnslueed. A Imttle of c. j>. sulphuric acid is prepared, sp.gr. 1.845. 
A themioineter .should Ite placed inside tliis Isdtlc, which should Im well stoppered. The 
acid Isittle and oil tulH* are placed in water in a tin vessel and heateel to a temperatuie of 
27 degrees (’. Then 10 e.e. of the acid jire drawn out with a pipette and drt>{>ped very 
slowly into tlic oil, without ttmehing the sidist, while stirring with the thermometer. 
The acid should Iw droppecl in not fashw than at the rate of 1 c.c. every 5 seconds. After 
mixing, the stirring slandd ccnitinue for 30 seixmds, and tlie maximum rise of tempera¬ 
ture nolid. Tliis test should Iw made only hy a skilled chemist. 

Tlic errors in the usual Maum(ii6 tietermination, arising from the 
transmission of heat and the varying .strength of the acid are avoideil in 
the .siierific Icmperaturc test. In thi.s, SO c.c. of pure water are suhsti- 
tuteel for the oil. imd the rise of temjierutun- noted. Dividing the 
Maumene number by this rise in temjK-rature with water, and multiply¬ 
ing by 100, we have tlie specf/ic temperalure numher, by which oils may lie 
compared without the .same amount of dependence upon uncertain con¬ 
ditions of heat insulation and acid strength. Dr. Olsen recommends 
the u.'-e of an insulation of asbestos and pla-ster of Paris about the oil 
beaker as preferable to submergence in water. 

The Maumene number and iodine absorption number are of especial 
importance in the examination of linseed oil liecause that oil gives results 
entirely different from those obtained witli other oils. Minor chemical 
tests, infrequently made, are the following: determination of the acid 
valu^,’ the ether value (difference between the saponification and arid 

. N 

values), the Reichert value (number of cubic centimeters of —potash 

* Op. cit,, p. 419. 

* Oxidation increases the percentage of free acids in oil. 
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required to neutralize the acid from i.5 grams of oil contained in 100 c.c. 
of distillate pBs.sing off at the rate of 110 c.c. in one-half hour), the 
Reichert-Meissl value (obtained like the Bcichert, but with 5 grams of 
oil), the Hehner value (percentage of insoluble acids; determinable also 
by the Hanus method), the acetyl value, based on the amount of acetic 
arid liberated by the acetylated fatty acid produced by the action of 
acetic anhydride upon the oil, and the hexobromide test, given by Lewko- 
witsch—one of increasing importance. As a feature of complete physical 
examination, the melting point of the fatty acids is sometimes determined. 
Detailed methods for making the above tests are given by Olsen, who 
also summarizes the results obtained on samples of various oib as 
foltows: 


Nfuiie Oil. 

Acetyl 

Value. 

Si)ecifie I’wiiper- 
ature Niiinlier. 

Olive oil . 

4.7 

89 to 109.7 

llape oil . 

6.3 

l!t5 to 152.5 

Altnoud oil . 

5.B 

117.6 

Cotton-seed oil . 

16.6 

163 to 192.4 

(’od-Iiver oil . 

41.1 to 50.6 


Cocoa butter . . 



Tallow. 



Peanut dl . . 

3.4 

105 to 137 

Sesame oil. 

n.5 


(.)astor dl . . 

153.4 to 156 

80 

Whale di . . 

11.6 to tes.i 

100 

Gra|)e>seed oil . . 

144.5 


Seal dl .. . . .. 

83.0 to 33.9 


Mustard dl . 


130.9 to 189.4 

Sunflower oil . 


166.7 

(’om oil . 


190.2 

Baw linseed oil. 

e.SB to 8.7 

813 to 349 


The adulterants to be looked for in linseed oil are rosm oil, rosin, 
mineral oils, com oil, cotton-seed oil, menhaden oil, turpentine (rarely), 
hemp or rape oil. 

The cheapest and most frequently used adulterants are the petroleun 
oils. These are lighter in weight than lins^ and consequently reduc* 
the specific gravity. Bosin oil is, therefore, frequently added with then 
to increase the specific gravity. Fidi or menhaden oils are sometime! 
used, the latter forming a constituent of various smokestack points. Th( 
worst of linseed oil substitutes are those consisting of solutions of rosir 
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in hydrocarbon oils, which are again mixed with tar oil and rosin oil. 
Such imitations dry without durability. Other substitutes are obtained 
l)y dissolving metallic resinates in tar oil or petroleum. Many substi¬ 
tutes are made with rosin oil, but they are apt to dry very slowly and 
femain sticky, and when used for painting will damage even a subsequent 
good coat, so Uiat nothing but artual scraping off will remedy a coat of 
paint which proves defective as a result of the use of rosin oil. Oxi¬ 
dized rosin oil made by di.stilling the liest rosin fractionally and blowing 
the middle distillation is a mo.st dangerous adulterant. Ihis process 
completely changes the nature of the rosin oil, making the color a pale 
brown or yellow, the smell pleasant, and increasing the viscosity. Such 
oil dries quickly, especially if mixed with boiled linseed oil. The cost of 
plant fur its manufacture is heavy. 

Linseed oil is sometimes accidentally adulterated with mustard oil. 
The prc’sence of this material may l)c detected by allowing the oil to stand 
for a few days at a temperature of 50 degrees F., when a flaky yellow pre¬ 
cipitate will ap|)car. 

.\u oil frequently used for adulteration of lin.seed is corn oil, which, 
however, possesses no drying profierties and can only be used in small 
quantities with lin.seed. Corn oil and the cake are by-products from the 
manufacture of com into glucose and grape sugar. The oil is reddish- 
yellow in color and pleasant in taste. It is used as an adulterant for 
linsctHl oQ in the manufacture of paints, leather dressing, various kinds of 
soap and rubber substitutes. Com oil cake, the residue after compressing 
the oil, is used as a feeding stuff, espcrially for dairy cattle. The extrac¬ 
tion of the oil does not decrease the value of the com germ, m that the oil 
is secured as a by-product at little cost licyond the expense of extraction. 
The com cake is usually worth about $*0 per ton, and the oil from three 
to ^)ur cents per potmd. Only the germs of the com kernel are used in 
oil extraction. They are ground, heated, and pressed the same as flax¬ 
seed. The solvent process of percolation has also been recently applied 
to the extraction of com oil. The manufacture of com oil is particularly 
adapted to a com-products mill manufacturing hominy and other foods, 
nie com-oil mill utilizes the waste product of the com-products mill. 
Tht com-products mill utilizes the residue of the com, after removing 
the germs, in the manufacture of starch, from which in turn is derived 
a great variety of products, such as dextrines, gums, glucose, and grape 
sugars. The demand for com oil is steadily increasing. 
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Pure com oil heated to 400 degrees F. hleaehes, then breaks by form¬ 
ing bul>b1es whieh coagulate into reddish flakes upon the tup of the tube. 
The smell is offensive at 400 degrees, but not upon ignition, when the oil < 
bums quickly and freely. 

Adulterated and substitute linseed oils are variously named, and the 
activity of the l)u.siness de])ends largely upon the price of linseed, the 
trade in adulterated oils being naturally most brisk when linseed oil is 
high in price. Some of the substitute oils (or superior oils, a.s elainicHl by 
the makers in some iii.stunees) are the Boiled Java Oil, the Deodorir^l 
0»m Oil, the Usajx-rfeet Drier Oil, I,u(s>I Oil, Kxeelsior Oil, (’herry 
Paint Oil, etc., etc., etc. Nearly all of these arc offered as eomicetitors 
of pure lin.seed oil, and many of them are claimed to contain varying iier- 
centages of the List; all of whieh serves to estaIJish tlie prevstige of linseed 
as the (snnraercial drying oil imr ejerellence. The usefnlne.ss of the .sub¬ 
stitute oils is generally limited to the rougher kinds of outdoor |)ainting. 
'Hie only really eom|)etitive oils aie jeoppy oil and walnut oil. Iscth having 
sujwrior drying qualities, but not being produced in eomniereial quan¬ 
tities, and China wcmkI oil. 

One of the worst fonns of adulteration, now, however, rarely practiced, 
consistcsl in mi.Mng inferior or danuged linseed oil with pun- raw oil. 
Some years ago this was a common practice among traders, if not among 
crashers. One mixture ron.sist(sl of 40 per cent of pure raw oil, 8 jx-r 
cent of drier, and .52 per cent of sereenings oil. The sjiecific gravity of 
the product was .1)01), and the oil foamed heavily upon heating. The 
undiluted screenings oil has seldom found any market. It is opucjue, 
greenish, and has a .specific gravity of .942. A widely sold mixture con¬ 
tained 40 parts-of raw and 60 parts of com oil per IIK). The absolute 
lack of drying quality soon drove it out of the market. Com oil and 
screenings foots, boiled-oil foots, rehned-oil foots, etc., have ail foraied 
the basis of mixtures, but the resulting product can Ik- di.stinguished from 
gc-nuinc linseed oil at a glance. The only safe adulteration in this class 
is by means of a small proportion of com oil; but the profit m such a 
mixture is too small for it to Ixicome general: 

In many of the .states statutes are in foroc relating to the matter of 
linseed oil adulteration. In New York, Article XV, Chapter 584, Laws 
of 1906,* provides tliat no person, firm or corporation shall manufacture or 
mix for sale, sell, or offer for sale, under the name of raw linseed oQ, any 
* As tunendrd bj Chapter 228 of the laws of 1007, passed April 26,1907.' 
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article which is not wholly the product of commercially pure linseed or 
9ax.seed. Nor shall any person, firm or corporation manufacture or mix 
'for sale, sell, or offer for sale, under the name of boiled linseed oil, any 
article, unless the oil from which said article is made l)e wholly the prod¬ 
uct of commercially pure linseed or flaxseed, and unless the same has 
been healed to at least 22,? dejpces F. No person shall sell such adul¬ 
terated linseed or flaxseed oil without notifying the purchaser that 
same is adulterated. Tlie law is not to be construed as prohibiting 
tbe manufacture or sale of any such compound or imitation providing 
the container shall l)e plamly marked, and tlie purchaser notified, as 
aforcstud. 

Violation of the act is a misdemeanor, punishable by a fine of from $50 
to $500, or by imprisonment not exi'ceding one year, or by both. The 
enfon'enient of the act is charged to the commis.sioner of agriculture, 
who, with his agents, is empowered to enter places where linseed oil is 
.storeil or kept on sale and to ope-n furd sample from any package 
supp.sed to contain lin.seed oil. In addition to the penalty specified, 
there may Iw recovered a fixed penalty of $100 for each offense upon 
suit in tbe state courts in the name of the people by the commissioner c.f 
agriculture. 

Under the linseed-oil law of Pennsylvania,* tests of 503 samples of 
linseed oil by l/simis, including 368 of raw and 135 of boiled, showed 11 
oises of adulteration of raw oil and IS of lioiled oil. Tlie qiccific gravity 
of the pure raw oils varied from .932 to .936 at 60 degrees F., that of the 
lioiled oils from .932 to .945. 

1 jnseed oil is sometimes impure as the result of the presHice of inju¬ 
rious material in the seed, or of admixture of oil prepared from inferior 
seed. Such oils dry slowly and imperfectly, without hardness. They 
frequently have a greenish color,* which, however, may disappear in 
boiling. Chemical tests are usually inadequate to detect impurities 
of this class, the tiest criteria being the per cent of gain in weight 
and time required for drying. 

China wood oil is rapidly becoming conspicuous as a linseed oil sub¬ 
stitute in the varnish trade. During 1902 nearly $2,000,000 worth of it 
was- shipped from Hankau, China. Previous to 1899 pracfieally none 
of this oil was brought into the United States. There are two United 

* January 45,1901. Pennsylvania has been a pioneer slate in puie^oil legislation. 

• Baltic seed, however, even when perfecOy pure, may give a greenish oil. 
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States firms in Hankau engaged in the export of China wood oil, one 
of which shipped 200,000 gallons as early as 1903. The consumption 
of the oil in the United States has been steadily increasing. There are' 
two grades of the oil, one yellow and the other darker. Only the former 
is exported. The oil is brought to sealioard in bamlxx) l)8skets lined 
with oil paper, the baskets holding almut one picul each. As much as 
one-third of the oil is sometimes lost in transportation. The most serious 
drawback to the trade in the oil is the difficulty in obtaining barrels, 
empty barrels being an expensive commodity to ship to China. The 
seed of the tung tree, which produces this oil, has l)een shipped to Cali¬ 
fornia for planting, and it is stated that the trees thus far are doing well. 
The oil is extremely poisonous and, as received from the Chinese, sub¬ 
ject to heavy adulteration. 

Each tree produces from 20 to .50 pounds of nuts, yielding als)ut 40 
per (•ent of oil. Attempts have been made to cultivate the tree in the 
botanical gardens of southern Eunipe, but unsuccessfully, 'fhe active 
producing provinces in China comprise the distriets of Hunaw, Hupeh, 
and Szeehuen. ITie trees thrive on stony ground. The oil has been 
studkxl by Clnetz, Davies, Holmes, Dc Nigri, and others, but its proper¬ 
ties are not yet thoroughly understood. It solidifies at a tempe-ratun; 
of about zero Fahrenheit. The iodine value (HUbl method) is 180, the 
saponification value 194, the insoluble fatty acids 96.4 |>er cent, 5 per 
cent is unsaponifiable, the free fatty acids amount to 3.1 per cent. The 
inc'Iting point of the mixed fatty acids is 99 degrees F., their freezing 
point 35 decrees F., their iodine value 150.1. The crude oil dries with 
extreme rapidity, but with an opaque film, due to the presence of muci¬ 
laginous matter, which also cau.ses the oil to become waxy at low tem¬ 
peratures, when organic compounds analogous to stearates settle out. 
It cannot he u.sed in its raw state, but is always chemically treated. It 
may he “ Ixciled ” with lead or manganese dryers, with rosin or with rcsi- 
nates, to hasten oxidation, but must not be heated above 850 degrees F., 
at which temperature it suddenly thickens to an insoluble gelatine-like 
substance which cannot be softened again. H is nearly always used in a 
mixture with linseed oil Its characteristic laid-iike odor may be detected 
in solutions as weak as 10 per rent. This is found to be an objection to 
its use for varnishes. It does not dissolve in alcohol, and hence cannot 
be used for spirit varnishes or lacquers. In cheap oil varnishes H dries 
with a flat, frosty, crawling surface. Varnish makers claim that by the 
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use of wood oil a BatWactory vamish may bo prepared from rosin; but 
the process of compounding is one of much delicacy, and few manufac- 
' turers have been successful with it. According to Holley, quantities of 
China wood oil as low as 5 per cent may l)e detected, in varnish, by 
the characteristic odor given off when sandpapering a freshly dried 
coat. 



CHAPTER XVIL 

1K)IUKD OIL. 

DefiiiitHMi,--CoRt of production.—Action of metallic dryers.—Method of |»v)ducinj' 
Iwiled oil.—Liability to adiilteration.—Its <*oiwe(|uences.—(’oinmerdd dryers.- 
'llme of drying.—(old boiled oil —Manipmese dryer.-rsc in producing boiled 
oil. Combined dryer.—Spceitieatioim fur Iwiled ml.—The ntsiii test.—Sqxiiii* 
fic^tiuii test.—Tests formw oil applicable for Ixiiled oil. Kettle boiling.—A lend 
lioilisj oil.—rrcpuratioiJ id iimi'cntmted dryers.—Pale Ixjileil oils —Putties. 

Boiled linseed oil is oil whieh has been so treated as to dry with 
inereased rapidity. In ordinary practiee, raw oil spread in a thin eoat on 
a surface exposed to the weather dries in aixmt one week; ls)iled oil, pre¬ 
pared usually by the addition of certain metallic salts or “ dryers " to the 
raw oil, either with or without the application of heat, in less than one day. ‘ 
Boiled oil is commonly sold at a price one cent per jrallon higher than 
that of raw oil. So-called “Iwiled” oil is sometimes “manufactured" 
l>y pouring a quantity of concentrated dryer directly into the bungholc 
of the barrel of raw oil. Such lx>ilcd oil is of inferior quality, whether 
the dryer used be ma<le from pure lin.seed oil or not. In most cases the 
“dryer” is a gum dissolved in some volatile solvent, producing an oil 
whieh “dries” by evaporation of the solvent. Such adulteration is 
readily detected by the “flash” test. 

h’ew crushers know exactly what it costs them to produce boiled oil 
from raw. the principal uncertainty resting in the questions of .shrinkage 
and steam. The expense is small, but even if it were greater than the 
premium obtained for the oil, Iwiled oil would still l)e produced. Haw 
oil is a staple, like wheat or com, and few consumers care where they buy 
it; but Imiled oil is a specialty, and a brand once adopted by a buyer as 
satisfactory is not easily displaced. The boiled-oil trade is, therefore, 
one which is especially desirable from the standpoint of the crusher. 

‘ A good healed oil should diy indoon, in eight boms; outdoors, in summer weatiier, 
the lime of drying will ordinniily not exceed 18 hours. Oceasioually, however, boiled oil 
will require 30 or 40 horns for complete oxidation, depending upon conditions of tempera¬ 
ture and humidity. 
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The rapidity of drying of linseed oil is increased by, — 

I Firtt: Chemical treatment to which it may have been subjected. 

Second: The age of the oil. 

Third: Conditions under which it has been stored. 

Fourth: Its temperature. 

Fifdrf^The presimce or aksence of sunlight. 

Shah: The addition of certain dryers. 

There is some difference of opinion as to why the introduction of 
metallic dryers increases the rapidity of drying of linseed oil. According 
to Liebig, the increaswl rapidity is due to the removal of the mucilaginous 
elements in the oil. This is disproved l)y the fact that bleached and 
varnish oils (that is, raw oil from which the mucilaginous elements have 
been removed) dry more .slowly rather than more rapidly, than raw 
oil. Chevreul claims that the metallic admixtures act as suppliers of 
oxygen, and that heating is not essential. With the second part of this 
statement there can be no dispute. If the first part were true, then 
those substances which contain the largt'st percentage of oxygen, or of 
available oxygen, would he the most effective diyers. This, however, is 
not found to be the case. In the manufacture of concentrated dryers 
from black oxide of manganese, the most desirable manganese to use is 
by no means that which tests highest in percentage of available oxygen. 
The lorrect explanation is probably tliat the metallic substances added 
act as carriers of oxygen from the air to the oil, giving it an initial oxida¬ 
tion and makhig a subsequent oxidation on complete atmo.spheric expo¬ 
sure mure rapid. Nearly all of the substances commonly used us diyeis 
have a high affinity for oxygen, forming quite readily more strongly 
oxidized compounds. Thus litharge, PbO, passes to the form of red 
lead, Pb, 04 , at a moderate heat. It gives up its excess of oxygen to the 
oil, becoming itself reduced to PbO agam; and this process may he indefi¬ 
nitely repeated until the oil has absorbed the desired amount of oxygen. 

3 PbO -I- O = Pb,04. 

Pb ,04 + oil = (oil + O) + 3 PbO. 

A copibination of lead and manganese makes a better dryer than either 
material alone. A boiled oil from lead dryers contracts m oxidizing; 
one from manganese expands. The most economical proportions are 
reached when in the boiled oil manganese dioxide constitutes about .05 
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per cent, lead oxide (PbO) about .2 per cent. When either constituent' 
is used alone, the time of drying is increased. It is possible that one of 
the materials is especially active in absorbing the oxygen from the air,* 
while the other is of particular value in giving it up to the oil. An inter¬ 
mediate transfer of oxygen from lead to manganese, or vice verm, must 
then occur. A great many different metallin compound.s, pfincipally, 
however, those of lead and manganese, increase the drying artion\of oil. 
It bas l)ecn demonstrated that all compounds which act as dryers, when 
in paste form, by contact with lin.seed oil, arc materials soluble in linseed 
oil on heating, and react with it to a greater or less degree in the cold. 

Tlie usual method of producing Iwiled oil in this country is by the 
addition to raw oil of from four to eight per rent of concentrated liquid 
dryer, that is, a liquid solution of metallic salts. In praeticc, the lx)iling 
is performed by first thorougldy heating and agitating the raw oil to expel 
all moisture (freshly made oil, of course, requiring more time for this) 
and then adding the previously heated dryer very slowly, agitating suffi¬ 
ciently to thoroughly mix the dryer through the oil. One mode of agita¬ 
tion for expelling moi.sture is, after heating the'raw oil in the tank to 2.90 
degrees, to pump the hot oil from tlie Iwttom out and into the top. 
Atmospherie agitation is also permissible. Where there are no facilities 
for preheating the dryer, the best substitute is to feed it in very slowly 
and paddle it vigorously into the oil by hand. The heating is usually 
done by hot steam coils within the boiling tank, and the best location 
for these coils is around the sides of the tank and not closer than ten 
inches to the bottom. Boiling tanks are used having a capacity of as 
mnch as 10,000 gallons of oil at one boiling. The oil is maintained at a 
high heat fur .some time after the addition and thorough mixture of the 
dryer. The longer the temperature is maintained, the darker the oil 
becomes. The scum which forms on the surface, the residue left in die 
tank, and the scrapings from the filter cloths are disposed of separately, 
either by working through the press room or in some other manner. 
There is no perceptible shrinkage other than there would be in the raw 
oil after separation of the foots. Oil that has been tanked or stored for 
some time is best for boiling, as for other purposes. Such oil will have 
already begun to absorb oxygen; aged oil will often gain not more than 
10 per cent in weight upon drying. Foots should never be present in oil 
intended for boiling. The widespread use of concentrated dryers has 
made adulteration possible and profitable. Few, if any, of the crushers 
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Ijianufacture their own dryer, and the difficulties m the VKf of its manu¬ 
facture from pure linseed oil, owing to the inferior properties of that oil 
^ a solvent, ate such that from ffie first the manufacture of concentrated 
dryers has been looked upon as a business wholly based on sophistication, 
^bably “nine-tenths of all the adulterated linseed oil sold is boiled oiW 

As concentrated dryers are usied in proportions of only from 5 to 8 per 
cent, considerable amount of the adulteration in the dryer could 

not noticeably affect the quality of the boiled oil. Complaints of adul¬ 
teration are more apt to Ite due to the use of inferior raw oil, usually of 
nil that is not clear. Boiled oil is darker, and does not show impurities 
or suspended matter quite as readily as raw oil. The result is that oil 
which is a little short of perfection in one respect or another frequently 
finds its way to the lx>iled-oil tank. 

The choice of a material for a dryer depends mainly upon questions of 
convenience and aviulahility. Manganese dioxide was formerly most 
commonly used in this country. It must be dissolved by the direct heat 
of a fire, which practically commiU its manufacture into dryer into other 
hands than those of the erusher, who permanently dismi-ssed the dan¬ 
gerous and uncertain open kettles from his plant when he discontinued 
the manufacture of kettlc-lwiled oil. Red lead is often used. This also 
requires a high temperature fiir sulutiw. It dries hard and brittle. 
Litharge dries with a highly elastic coat. 'He various manganese salts 
act in various ways. Combined lead and manganese dryers are com¬ 
monly cmployi-d, the manganese starting the drying operation. Such 
dryers are prepared by adding oxides of lead and manganese to melted 
rosin, producing a resinate, adding linseed oil, and cooling with turpen¬ 
tine or benzine. Lime is sometimes added to increase the drying effect, 
but it results in a hard, brittle film. Zinc sulphate and lead sulphate are 
stated to be excellent dryers. Prussian blue is the dryer commonly used 
in the preparation of patent leathers. An improvement on this material 
is the dryer made fiom by-product Prussian blue treated with an alkali 
in the presence of calcium oxide and water. This gives a very elastic 
film of moderate hardnesk; too elastic, in fact, tor some applications. 
Manganese resinate, mangano-lead resinate, manganese linoleate. 
mangano-lead linoleate, mangmiese chloride, manganese borate, lead 
acetate, lead borate, lead linoleate, lead resinate, manganese sulphate, 
manganese acetate, manganese oxalate, and some zinc salts comprise the 
principal drying agents used, other than those mentioned. 
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According to one writer, while raw linseed oil initially unoxidiz^ ' 
gains in weight from 17 to 18 per cent during the 6 to 8 days it requires 
for drying, lx>iled oil, which dries in 24 hours or less, gains only 14 to 19 
per cent in weight,' and, as is well known, usually produces a less durable 
surface, the linoxates formed from the diyer salts heing more flaky and 
brittle than linoxyn, the oxide from linolein. By using pure rcsinates, 
the metallic admixture constituting the dryer may !«■ reducedtS^ very 
small jicrccntage of the boiled oil, with a consequently lessened fArma- 
tion of linoxates and less detriment to the wearing quality of the oil. For 
some applications, however, no resinatc dryers are permissible, since the 
use of resins, even in small proportions, may result in the “livering” of 
paints. 

The practice of English refiners is to u.se, in.strad of concentrated 
liquid dryers, solid gums, or powders made from gums, which are intro¬ 
duced directly into the oil at a comparatively low temperature. These 
are usually linoleates or rcsinates of lead or manganese. They produce 
exceptienally bright clear oils' without adding to the (sist other than 
the inevital)le expense of steam and lalior. Their purity can lie easily 
determined. They are used in very small proportion.s,— from one to 
three per cent, — and by their use the manufacturer knows exactly what 
he is getting, and docs not have to depend on the varnish maker for his 
dryer. Under the conditions of present practice in this coimtry. few 
cnishers know anything aliout the composition of the dryers they use. 

A good drying “Ixiiled” oil may be produced without the application 
of any heat whatever, by the incorporation of a suitable proportion of 
solulile oxidizing salt. Such oils usually involve the preparation of a 
preliminary concentrated .solution of resinates or linoleates in hot linseed 
oil and turpentine. In preparing boiled oil by heat, the dryer or dryer 
solution may be added when a temperature of about 250 degrees is 
reached, if a resinate dryer is used. Linoleate dryers require higher 
temperatures (320 degrees), and “straight” Ixirates, hydrates, and oxides 
of manganese from 360 degrees upward. Hiese latter temperatures 
cannot lie obtained with steam boiling, and'these latter chemicals are 
consequently little used. “Boiled” oil made without heat is extremely 
pale in color. The more dryer used, and the longer and hotter the oil 

' Note the figures giwn by the Livsche and Bishop test (page HIB). 

‘ Theee oils are much less apt to become cloudy in cold weather than our Amerioui 
boiled oils. 
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1 % heated, the darker the product. As American trade generally desires 
its boiled oil to have a dark red color, very little if any cold ** boiled’* oil 
k made. The resinate of manganese is used to the extoit of about 2^ per 
cent of the weight of oil, the mangano>lead resinate in the same propor¬ 
tions, when applied direct in the Iwiling tank. Ihe preliminary prepa¬ 
ration of oopcentrated dryer is far more popular, and this is used in larger 
proportions. The cost of concentrated dryer varies with that of linseed 
oil, oidbarily ranging from 10 cents per gallon less to 10 cents per gallon 
more. 

Formula for Ma^igant»e Biaxide Dryer. 

For a bateb uf 350 fj^dloiui uf dryer: 

Ucat gallons of mw linfleed oil to a temperature of 250 degrees, at which point add 
slowly 140 }iouiida of maniomese dioxide, stirring the oil cn<i 7 ^ti(«)]y while the manganese 
is Iwing added. Foaming may be oomsioned at this point, but it will very soon disappear. 

I'hen add 150 gallons of raw oil. Heat the mixture gradually up to 525 degrees. The 
dtyer should be maintained at 5i5 degrees for one hour prior to drawing the fire. 

Eight hours is about the time required to complete one batch. 

In making boiled oil from the oonrentrated diyer thits produced tlic following precau¬ 
tions arc necessary: 

Ftrsf. - The raw oil sliould remain under heat luitil all signs of moisture are elimlnajed. 

Second. — I1ie dryer should be thorouglily warmed it is introduced into the oil. 
say to a Iwnperatm* of ulx)ut 200 d^frees F. 

TAml - Dryer must lie added after the raw <»il has attained a temperature of not leas 
ttien 250 degrees F. A higher tenqiemture should lie obtained if possible, ^though 
more tliaii 275 d(^(rees F. is imneceAw^. 

Fourih. — Agitate the oil wlule the dryer is being introdu(*cd and for nut more 
titan fifteen minutes thereafter, at which (wmt the steam should be abut One of 
the objections to continuing the agitation of the oil unuece^arily is that it tends to 
lighten the color,^ 

F^th. — Five jiarts of manganese dioxide diyn^ to 95 parts raw linseed ml is the 
proper combinatiun to produce a satiidactory drying oil. Should this .n<^ produce a 
itoiied oil dark enough for some markets, no harm can come from adding one to two per 
cent more of dryer, but in no event should the ammint exceed seven parts of dryer to 
ninety-three parts of linseed oil. It is just as objectionable to ha^ boiled oil oxidise 
too fast as too slow. To produce the best results, boiled oil shmild not diy in less than 
seven to eight hours under the ramt favorable drying conditions. 

One of the most commonly used concentrated dryers is practically 
rosin oil, with lead and manganese salts. The pyroligneous acid fmm 
the rosin is removed by distillation under vacuum. A more elaborate 
concentrated dryer, producing a high-grade boiled oil, is made as follows; 

Dissolve 10 parts of caustic soda in a maximum d 80 parts of water, with the aid of a 
steam jet. Call this solutkm A 

Take 20 parts gum dammar, to whidh add 40 parts of linseed ml. Cfdl this 
soiuHon B. 
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Tu wiutioQ A odd 64 partu of linseed oil. Make a solution of lead nitrate in water.' 
using 3| parts of nitride. Wdgh out <26 parts of manganese eldoride. Remove the 
steam connecdon from the caustic suds solution A ami while constantly stirring odd 
first the lead nitrate and then the manganese chloride, until saponification is com* 
pl^. Allow the soap thus formed to drain as nearly dry us pouible and set aside for 
24 hours. 

To the mixture of dammar and linseed m), deteriliod as solution B, kept at a moderate 
heat over an open fire, add twi<« the quantity of soda oil soap mailc according to the 
aljove fonnula. Ileat gradually and carefully to a maximum of 470 d^rees; then mid 
7 parts of brown sugar of iemi and 32 parts of linseed oil am) draw the kettle off the fire. 
Wliile hot. add 400 parts of oil, stirring constantly. Pump the <iryer out from Bie top 
the kettle so as not to get any idudge. 

Rosin is sometimes used for making this dryer» instead of dammar. 
China wood oil is sometime.s partially substituted for linseed oil. The 
lurilod oil produced is sold at a good price. It is somewhat darker and 
less brilliant than the usual domestic lurilcd oils, but the drying qualities 
arc good. In its preparation, 8000 gallons of raw oil are placed in a tank 
with 480 gallons of the concentrated dryer and heated to 250 degrees F. 
After agitation l>y blowing, the product is ready for filtration. 

Hie various railroads and other large buyers have evolved standard 
sperifieatioiis for Ixiiled linseed oil, the roiin.(^lvania Railroad Company, 
for instance, requiring that it shall l)e free from admixture with any otlier 
oil, that it .shall not fia.sh below 500 degrees F., and .shall not contain more 
than 2 per cent of material that is volatile. The Atchison, Topeka & 
Santa Fe Railroad Company issue the following specifications: 

“ Tiie material desired is such as has been made from a pure caw linseed oil answering 
tu approved spedScations (mr the same, by boiling in an open kettle,' with the addition of 
lead and manganese dry»s only. Oil will nut be accepted which, first, has u specific 
gravity less than .639 or greater than .946; second, shows a rise with solphuric mnd of 
less than 100 or mure than 110 d^;rees C. (Maumeue test); third, flashes below 500 
degrees F.; foiufiii loses more than mie-htdf of one per cent when heated three hours 
at 212 degrees F.; filth, has more than If per emt uns^oifiahle; idxth, contains 
anytliing but lead and manganese dryers in solution; and seventh, has any suspended 
matter. In addition to the above there will be made any standard chemical test to 
dctorminc quidity or purity." 

The permissible range of specific gravity for boiled oils differs with 
various authorities. A fairer range than ihe above stated is from .932 
to .950, The United Slates Navy Department (1905) specifies a range 
of .934 to .940 at 70 degrees F. The specifications call for a "'kettle- 
boiled*'oil. The other constants are also variously stated. Thelead- 

' Practically no Imiled oil is thus manufactured. 



BOILED OIL. 


246 


**g tests for purity of boiled oil are, first, determination of the specific 
gravity; second, the flash test, which should be not below 500 degrees F.; 
Jtod third, the determination of the ignifing point, which should be above 
^00 degrees F. In addition to these, there is the test by drying, as 
follows; A weighed quantity of the oil is mixed witli a lai^ excess of 
some entir^y inert sukstanoe like silica an<l then weighed from time to 
time. A good quality of raw oil, if fresh, gains from 16 to 17§ per cent 
in weight in drying; boiled oil from old tanked oil gains from 10 to 
per cent; ordinary boiled oil &om 15 to 17 per cent; an oil containing 
benzine or turpentine will show a decided loss during the first few hours, 
and many cheap compoun<led oils show an ultimate loss in weight 
instead of a gain. (See “Silica Drying Test, page 225.) 

The Tiiebermann-Storeh* test for the presence of rosin or rosin oil* is 
as follows: 

“ 'Fwo drops of the suspected oil are placed in a diy test tube, say five^ghths or 
three-f(Hirtlis iiicl» in diameter, one inch of acetic anhydride being nm in on top. The 
whole is lioilcd or placed for a couple of minutes in boiimg water until the dll dia&dves. 
Next the tube and content} are cooled to the room tempwature. With linseetl the 
solution will cloud iii cooling. To this is iukied a single dro|) of ('oncentrated sulphuric 
iKiul; in the presence of rosin, rosin oil, or a resinate dryer there develops at once a pur¬ 
ple red permanganate color, <{uickly ctianging to a brownish red. This reaction is very 
chanu'teristic of rosin. An old fatty sample of bdled oil may give a reddish brown that 
masks this rea<‘tioa, but never a purple.” 

*'Sapotiific(tiion Ted. — If an approximately 25 per cent solution of caustic soda be 
made by dissolving two utmres of 76 per cent caustic soda in 8 ounces d water, and we 
then take 2 ounces of tliis solution, one ounce of linseed ml, and mie ounce of alcohol 

in a clean H*ounce liottle and place flits in a dish of water, aod keep the water bmling for 
half an hour, and then fill our 8-ounce bottle with hot water and shake well, wc will hai^ 
a clear soap solutimi. On the other band, doing the same with an oil containing petro¬ 
leum or nwin oil, we find that the cai^c dkali is without action upon it and we have 
a line of mineral ml on top of the soap. A word oi caution with regard to this test 
would be that unless carefully carried out and sufficient alk^i used even pure linseed ml 
may not be all saponified.'* 

Other tests than the above whidi are useful are fractional distillation 
in order to determine benzine, turpentine, etc., the determination of 
bromine and iodine absorption and the percentage of free fatty acids. 

1 The Liebermann-Storch reaction for rosin and rosin U one of the simplest and 
most satisfactoi? tests of its kind ever devised and frequenfly forma a ready means of 
determining the presence (d rosin ml or a roedn drym* in boiled ml, but the results of this 
test m^t be verified by others and accepted with due caution, fear some old sunples of 
pure bc^ed oil wilt give a similar coloratKHi.** 

* A better indication of the presence of rosin is given by the Hanus or Wiji test 
(page 229.) 
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The saponification figure for boiled oil is very nearly the same as that' 
for raw, as are also the acid figure and the iodine absorption. 

The nitric and other acid tests are not to be recommended, as the 
results are apt to be misleading. It is far ea.sier to recognize fish oil by 
the smell when heated than by any acid test. The details of tests usually 
regarded as standard are given in Chapter XVI. Color reasons arc of 
course modified by the changed «)lor of the boiled oil, from those expe¬ 
rienced with raw oil. In general, comparing boiled with raw oil, the 
former is darker in (olor. more viscous, heavier in gravity, and higher in 
acetyl value. The unsaponifiabie matter and the volatile matter may 
Imth Ire .slightly higher. The probable adulterations an- the same as 
those of raw oil, mineral and rosin oils Ireing most largely used. 

There is very little boiled oil now marie in this erruntry over an open 
fire,* and it is questionable whether the claimed advantages of a kettle- 
Ixriled nil are tmigible enough to make such lioiled oil advisable. The 
operation was necessarily hazardous, and the often-mentioned advan¬ 
tages of “ old-fashioned ki-ttle-boilesl oil ” largely mythical. The oil was 
ii.sually over-oxidized, drying quickly but wearing out rapidly. 

One of the best known of the “ kettle-boiled ” oils was made over direct 
fire according to the following formula: 

ISOO aotlona rstw iiuseed oil, 

SO poiuirts ivrl lead, 

SO pounds litbarae. 

The tril is first heated to a temperature of 460 deRrees and the fire then drawn, — 
the t^uperature subsequently rising trr about 500 degrees. It is then |>ennitted to cool 
and pumped over into tanks. The usual procedure is for the watchman to start the 
fire under the kettle at about 4 AJi. When the temperature has ascended to kS5 
degrees, the other ingredients are gradually put in. The fire can be drawn usually 
about S i‘.u. It then requires about 16 hours to cool. The kettle must be cleaned out 
after making each batch. It is readily seen that the capacity of a single kettle under 
the best dreumstanees is not over ) batches per week. The cost is about as follows; 


Per batch td 1500 gallons: 

Coal, one-third ton... $ 1.25 

Shrinkage — one barrel..-. 25.00 

Red lead. 6.40 

Lhhaige. 6.40 

labor. 6.00 

Total. *47.05 


‘ When so prepared, the ml is almost invariably produced from a concentrated dryer, 
and nut by direct incorporation of drying ingredients. 
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or say thrpf cents per gallon. An equ^ly satisfactoiyr oil is now produced froii a 
^hceutrateddi^in predsdy the same manner as ordinary ladled uU, the concoitrated 
dryer Ixdng man^ifaetured at a price less tlian that of ordinary linseed oO. The boiled 
ail dries slowly, but forms a powerful skin. 

kettlc-lx)iled oil prepared from concentrated dryer was made as 
follows: ‘ 

Eighty gallons of raw oil are plat^xl iu the dryer kettle and gradually heated. Wlien 
the first effervescence subsides, IIk' following ingredients are slowly added: !2D pounds of 
luaugaiiese dioxide, 4 pounds of red lead, and ^ pounds of zinc sulpliaie. This is Iwiled 
fur h» 4 hours. lueunwiiUe iMung coustaully agitated. 'I'he fire is tlieii drawn and the 
solution drawn off. 'I'o tk' sludgi> in the bottom of tlie kettle 80 felons of raw oil are 
a<idwl. a new lire built, and at tiie same stage as before 10 pounds of mangaiicse dioxide, 
!2 iM>nii(l.s of red lend, hikI 1 ixutnd of zinc sulphate are added. The two solutions form 
concentrated dryer sufFieient for the IsMling of from 1200 to 1600 gallons of oil. The 
oil is phutsl in the Ixiiliiig kettle, sli»w]y heated, and when the temperature rises alawe 
110 degrees the dryer is griulually introduessl. The mixture should lie agitated cou- 
timuilly. TIu' heating is continued for aliout 5 hours, after which tlie fire is drawn and 
alamt 10 |k>uiuIs of rcfl lead mhled. 


Another concentrated dryer prepared for kcttle-lwiling contained 24 
gallons raw oil, 80 pounds manganese dioxide, 5 |K)unds sugar of lead, 
3 ]X)unds borax, and 2 {xiunds zinc sulphate. Livache quotes, per 10 
gallons of oil, the follo^ring quantities of drying substances as necessary 
to produce oil at a single operation: 

1. 2i pounds red lead and 2t pounds iitliarge, 

2. 2t |X>unds litharge and 2t pounds sugar of lead, 

3. II {wunds of red lead and Sf pounds sugar of lead, 

4. II {loiiuds to pounds (ff borate of manganese, 

6. 21 pounds of hydrated oxide of manganese. 

“Pale boiled" oils arc sometimes called for, usually for export to the 
West Indies. They resemble ordinary boiled oils, excepting that the 
color is lighter, more like that of raw oil. Special ingredients are em¬ 
ployed in the dryers u.sed to avoid the usual darkening of color. A low 
temperature in boiling is also desirable. 

Putty is a familiar product of Imseed oil. Its usual composition is 
eighty-five parts of whiting and fifteen parts of raw oil. Bolted Ameri¬ 
can Paris white is commonly used; sometimes imported whiting may be 
employed. For a quicker drying putty, boiled linseed oil should replace 
raw, and about ten per cent of dry white lead may be incorporated with 

' John Bsimon; The Mamfoehtre of Linteed OH. Chicago, 1897. 
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the whiting. Putty is kiTjely adulterated, crude cotton-seed oil mixed ‘ 
with boiled linseed oil being used instead of the raw oil. By using a 
sufficient quantity of l»iled oil, the inferior drying properties of the 
cotton-seed oil may l>e concealrd; but the product is less durable than 
a pure putty. Common whiting adulterated with fine marble dust 
may further cheapen the product. 
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REFINED AND SPECIAL OILS. 

Definition of refining.—Oold-pmsed oil.—Calcuttn oil.—Bleaehed and vamisb 
oils.—Tbeoiy of bleaoliing.—Sunlight.—Physical and chemical conaianta ol 
bleaehed oil.—Bleacbing agents. -Operation of bleaching.—Puller’s earth.- 
Fomiulas.—Preitaratiou of aeid-bleaebed oils.—Oil for varnish making.—Man¬ 
ufacture of dark varnish oil.—Calcutta vamisli oil. -A bleaching varnish oil.— 
A cheap light vandsh oil.—A high-grade light varnish oil.—l*riee meehanieal 
process oil.—Necessary e(|uipment.—Thickening of oik—Artifirhdly aged oik 
—Tlieir properties.-Printer’s inks.—Lithographer’s oih.—Linoleum.—Rubber 
sulistitute.—Cost of Ixriling and refining.—I’remium obtained for special oik— 
Manufacture of aoB|i.—liiiaecd-oil soap.—Deglyeeriaation.—Its eflect upon 
profit.—Method of conducting process. 

Refined linseed oil is oil which has undergone chemical or mechanical 
treatment to fit it more perft'ctly for certw specified applications. When 
oil is to he used hy paint grinders for mixing with light-colored pigments, 
it must be bleached in order that it may nut darken the paint. When oil 
is to be used by varnish makers, it may or may nut require bleaching, 
according to the color of varnish to be prepared; but it must have its 
“breaking” property removed. 

Cold-pressed raw oil is the ideal varnish oil. As received from the 
presses, it does not lireak; and it may lie bleached nearly water-white by 
the application of heat atone. Only its excessive cost prevents it from 
lieioming the universal constituent of pure oil varnishes. Oil from 
Calcutta seed is highly prised in some quarters, particularly after having 
undergone the usual treatment for the destruction of the “breaking” 
tendency. Few consumers use Calcutta oil in its raw state. Neither as 
raw nor as varnish oil can the product from Calcutta seed lie certainly 
distinguished from the American oil. Its demand is due partly to the 
prejudices of old-time varnish makers, who learned to use it when Cal¬ 
cutta seed furnished the bulk of the supply to Eastern oil miUs, and when 
Western seed received in the East was always very impute; and to an 
even greater extent to the fact that Calcutta oil is produced by the 
crusher at intervals only of from two to five years. We know that old oil 
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gradually vlarifies and eventuallyreascs to break. Practically all Cafeutt^, 
oil is old oil, and to this fait, with that of the careful treatment given in 
preparation, are due its fine qualities. It commands a good price at all, 
times, and the crusher can well afford to give it special con.sidcration in 
the way of thorough filtration, careful refining, and good clean paekagej. 

BoUihI oil, although coming within the scope of the definition alxive 
given, is classed by itself and not as a refined oil. Another distinction 
commonly made is to speak exclusively of bleached oil as refined oil, 
regarding vanii.sb oils as a .se|)arate clas.s, whether bleached or not. We 
shall, however, include In the class of refined oils all treated linseed oil 
excepting iniled. 'lliis corresponds with the usual elaasiflcation adopted 
in the accounting departments. 

A bleached oil is one that has had its ralor lightened by any appropri¬ 
ate bleaching agent. It u.sually does not break; but in .spite of this fact 
many bleached oils are mifit for use as varnish oils because of the pres¬ 
ence of free acids or other ingredients which would injure varnishes, 
niere are a few oils, however, which arc marketed Isith as bleached and 
as light varnish oils. Wc will consider them under the latter hcadhig. 
Bleaching, ansirding to Dr. Toch, ismsists not in the removal of the dark 
(siloring matter (chlorophyll), but in its change to a pale yeUow tsdoring 
sulrstanec, xanthrophyll, by the influence of acid: for cxanipic, when sul¬ 
phuric acid is slowly added to oil which is under agitation, preferably by 
air, the oil becomes cloudy and develops black clots, which may lie filtered 
out, leaving the oil much paler tlian Itefore. Chromic acid may also be 
used, as have lieen peroxide of hydrogen and tire peroxides of calcium, 
magnesium, and zinc. These peroxides are made mto a paste with water, 
one pound of paste .suffieing to bleaeh 200 gallons of oil. During agita¬ 
tion of the mixture a strong solution of sulphuric acid is added. 

Oil may be bleached by the action of sunlight alone; and oil so pre¬ 
pared is far superior to any chemically prepared oil. A thin film of oil 
in direct sunlight bleachte in two hours. On a commercial scale bleach¬ 
ing by starlight requinw about two weeks. It is practiced to some extent 
abroad, but in this country, where capital draiges are higher, no oil is 
bleached in this manner. Ozone has Ixen used as a bleaching agent, as 
has also the electric current, but neither on any large scale. Exposure 
to the air also partially bleaches oil. Cl emically bleached oil does not 
wear as well as raw oil; any admixture whatever of foreign matter seems 
to have a detrimental effect upon the characteristic properties of linseed 
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• .oil. Some paint fpindera, therefore, use raw oil, cvm in grinding white 
pigments, claiming that the resultmg pmnt, after a few days’ exposure, is 
%ju8t as white as one prepared from bleached oil, and that its wearing 
qualities are much better. 

. 'fhc phyidcal constants of bleached oil are generally nearly the same 
as tho.se of raw, its specific gravity lieing .93 to .94, its iodme number 170 
to 180, and its .saponification value 192. The various chemical tests 
given for raw oil must be applied to bleached oil with much eautimi, 
owing to the modification of results produced by the reagmts resulting 
from the bleaching operation. Most bleached oils, as inde(*d nearly all 
special or refini-d oils, arc purchased direct from the crusher: and as he 
depends upon this*' for his Iwst market, they are prepared with .speeial 
care and proirably never adulterated. 0)mplalnts regarding bleached 
oils occur, if at all, as the result of accidental defects or misapplication. 

Acid-bleached oils do not break, because the acid attacks and chars 
the elements which would otherwise separate upon heating and permits 
of their removal by filtration. An oil bleached by sodium peroxide, 
unless subjected to .supplementary treatment, will break, and is conse- 
quratly entirely unfit for varnish making. An acid-bleached oil may be 
used for vami.shes if mixed with a l>asie dryer which will combine with 
the free acid; but the process involves too much risk to the product to 1)0 
commonly practiced. ClJoride of zinc, calcined magnesia, steam, hot 
air, tannin, salts of iron or alumina, lye, and sulphate of manganese have 
been variously recommended as refining agents; some producing prima¬ 
rily a bleaching effect, others a breaking of the oil at low tem[>erature. 
Bleaching agents proper are, besides tho.se already mentioned, the per¬ 
manganate and bichromate of potash, linolcate of manganese, nitric acid, 
caustic soda, carbonate of potash, ferrous sulphate, basic lead acetate, 
lead sulphate, and various complex mixtures. Chlorine gas is probably 
the most effective and rapid of all bleachers, but can be separated from 
the product only with great difficulty. According to Lewkowitsch, oil 
made by extraction is unfit fur use in pmnt grinding; and it is undeniable 
that very little percolated oil is sold for this purpose. Bleached oil dries, 
like raw, too slowly for its most popular use in painting. It is customary 
for the paint grinder to mix appropriate liquid dryers as required. 

A’good bleached oil must be yellowi.sh white or yellow; the nearer to 
water-white, the more attractive the oil is to the average buyer, althou^ 
such extreme decoloration is invariably obtained at the expense of the 
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drying or wearing qualities cf the oil. A greenish hue is wholly unde-, 
siralde. Lead-lined tanks ol wood, usually square in shape, are com¬ 
monly used for the bleaching process, these containing steam coils around , 
the sides. Kxhaust steam may l)e used for the initial heating, with live 
steam to supplement it. Agitation is produced, usually, by the intro; 
duetion of air under pressure from submerged perforated pipes, nie 
air divides the solution more finely and agitates it more thoroughly tlian 
any form < f mechanical agitation. Be.sides this, it jmrtially oxidizes the 
oil, thickening it and increasing its drying properties. 

Fuller’s earth is proliably the most generally used bleaching agent in 
this country. This contains usually, in parts per 100, silica 85, alumina 
20, iron 9, lime 6.‘ A small percentage of the earth is mixed with the oil, 
agitated for .S or 4 hours, and the product slowly filtered. The tempera¬ 
ture during agitation is maintained at almut 200 degrees. The u.se of 
fuller's earth has the disadvantage of frequently imparting a greeni.sh 
tinge to the oil, l>csides resulting in exce.ssive .shrinkage, or loss of oil, 
which is carried away in tlie sludge. Cases have lieen known where this 
sludge was fed, like ordinary fonts, through the crushing mill, the earth 
it.self thus eventually reaching the market as oil cake. 

The ocher process of bleaching, once widely heralded, had the sole 
dksadvantage of excessive cost. Tire ocher was prepared by removing 
all uncombined moisture by the application of heat, then dried and pul¬ 
verized, and used in proportions of from one-twelfth to one-fourth of tlie 
amount of oil to be bleached. The mixture was agitated for forty min¬ 
utes, then filtered. From 4 to 12 per cent of the oil was carried away in 
the sludge on the filter cloths. The oil was practically water-white. 

One of the simplest formulas for a plain acid-bleached oil is as follows; 

Agitate in a lead-lined tank ilHOO galkina of raw oil. Add very slowly gallons of 
aiilpliuric add at 66 degrees Be. After all the add has been added, mn in 1S60 gal- 
kins of a euucentrated solution of cold salt water. Agitate for three hours. Allow to 
settle, then steam tor six houis. Again settle, draw off tlie water, and filter. If the oil 
is desiied especially light in color, it may be pumped to shallow tanks immediately 
under a glass roof, and exposed to bright sunlight fw at least one week. Then filter by 
gravity only. , 

A simple bleached oil by the fuller’s-earth process is thus prepared: 

Treat raw oil at 105 degrees with 10 per cent of fuller’s earth, with agitadon and sub¬ 
sequent fillration. Dissolye the cloth sludge in naphtha and percolate by the **new 
process.” 

' The chemical cumpodtion is no indication of the value as a bleaching agent. 
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Tlie following formula ptodua's an excellent grinder’s oil, also success¬ 
fully used for the manufacture of printing inks, a supplementary “body¬ 
ing” Iwing required for the latter application. It is extremely low in 
specific gravity, pale and clear in color, but darkens upon continued heat. 
Jt is sold at an advance of three cents per gallon over the price of oil, and 
can l)e profitably manufactured at that price. 

To fifty parts of raw oil tLcrp arc added in load-lined tanka {larts of snipliurie acid 
(86 (Icarecs Be.). The mixture is affitateti i>y air for 10 houis, and 8 parts of water are 
added. The mixture is steamed until it boils, then allowed to settle for 88 hours. The 
water is run (df throt^h a reclaiminit tank, and the oii pumped to the filters. A shrink- 
a^ of alsint It per ei’iit is experienced. 

Varnish oils, pntperly so called, i.e., oils which will not break by any 
application of heat, arc divided into the clas.scs of “light” and “dark,” 
the foniicr Iwing usetl for the higher grade, very light “sjmr” vamislies, 
and the latter for other applications. An oil varnish consi.sts cf reams 
dissolvetl m linseed oil at high temperature, the solution being afterward 
thinned with a volatile solvent. Gums or re.sins dissolve much more 
readily in the volatile solvents, but sueh a solution forms a spirit varnish, 
whieli dries with a brittle skin and is unsuitable for good work. An nil 
varnish gives a more elastic and durable eoat. Owing to the high tem¬ 
peratures used in varnisli preparation, the varnish oil must have its 
breaking property entirely eliminated; but on account of the expensive 
and elaborate applications of oil varnishes the oil must retain its dura¬ 
bility and elasticity unimpaired by the treatment given to prevent break¬ 
ing. This in its simplest terms is the proiilem of vamish-oil preparation. 
It is also of extreme importance, from the varnish maker's standpoint, 
that the oil sliould undergo tlie application of heat quietly, without crack¬ 
ling or foaming, like raw oil. This is largely a question of thoroughly 
removing the moisture. The question of rapidity of drying does not 
affect the problem, since the varnish makers incorporate their own dryers. 
An aged raw oil would be entirely suitable as a dark varnish oil, but 
storage is more expensive than chemical treatment. For the same reason, 
light varnish oils are not produced, in this country at least, by the expo¬ 
sure of such aged oils to sunlight. There remain only the standard 
methods of chemical or mechanical treatment, involving in all cases the 
reinoving of the “breaking” property by chemical treatment and, with 
oils for light varnishes, an additional bleaching treatment. 

A good dark varnish oil may Ire prepared by introdueing one part of a 
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30-degree .solution of cauatie soda in 160 parts of raw oil, agitating by air 
for 10 hours, and continuing the agitation until a .sample of the nil may 
be heated up to the igniting point without breaking or foaming. Agita¬ 
tion with stirrer bars instemi of air appears to produro a more brilliant 
oil, which bleaches to a lighter .shade when heated. The .specifie gravity 
of this oil at 00 degrees F. is almut .940 — an extremely high figure. Its 
property of bleaching when lieabsl makes it suitable for many light var- 
ni.shes, as well as for the darkiT .shades; but this fart does not app'ar to 
Im' generally known. The shrinkage in making the oil is alsiut foiir- 
tentlis of one per eent. Dark varnish oils of this class are usually .sold 
at a price one cent in advance of that of raw. Caleutla varnish oil, how¬ 
ever. prepared by the same pmeisss is sold at the same price as Calcutta 
raw. The ('aleiitta varnish oil is sold to various varnish and ])atent- 
leatlier miuiufaeturers. Its color is slightly greenish, and after heating 
it iKxsnues a very pale green. It is low in sj)eeifie gravity for a varnish 
oil — alsnit .937. 

A dark varnish oil which bleaches very notably under heat may Ik- 
pn'pared by introducing a solution of .35 pounds of .sulphuric acid 
((Ui dcgwes Be) in 60 pounds of water in 12.50 gallons of oil. After 
agitating for .5 hours, a solution of 60 pounds of salt in 600 gallons of 
water is added slowly. Agitation for 5 hours and settling for 12 luiurs 
follow, after which the water is drained off and remaining moisture ex- 
pelli-d by further agitation. The oil is not filtered until cold. It bleaches 
to a pale straw-green color imder heat. 

Tlie market for dark varnish oils is quite limited, in spite of the fact 
that they bleach, at the ordinary temperature of tlie varnish kettle, to a 
(s)lor fully as light as that of the initially “light” varnish oils. Must 
enishers, however, are obliged to produce the latter; and a refinmg 
department is usually judged by its ability to produce a fancy light oil 
for the varnish trade which will readily command a price from 2 to 3 
cents per galkm higher than that of raw oil. One of the dieaper oils 
of this grade is made by prejiaring a solution of 6l parts of caustic .soda, 
10 parts ef salt, and 500 parts of water, which is run mto 1250 gallons 
of oil while the mixture is thoroughly agitated. After heating fur 5 hours 
and settling for 24 hours, the water is run off by way of a reclaiming 
tank, and the oil is ready for filtration as .soon as cool. This oil is 
free from acid, on which account it is especially popular among some 
varnish makers. It bleaches lifter tbui any other varnish oil upon 
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continued heat, but is not light in shade as prepared. A better color 
could be imparted by giving it a fuiler’s-earth treatment, which, 
however, would add appreciably to the cost, ordinarily quite high. It 
is a somewhat difficult matter to get the oil “just right” with this 
process. 

One of the best of the chemically prepared light varnish oils is made 
by mixing 4 parts of lO^degrec caustic .soda solution with 25 parts of 
oil, with agitation of the mixture .somewhat cautiously conducted to avoid 
saponification. After settling B6 hours to precipitate the moisture, 
2 per cent of Be^lcgTce sulphuric acid is added to the oil in a solution 
made by adding 100 pounds of acid to 75 pounds of oil. Agitation should 
continue during the introduction of the acid, which must be effected 
gradually. After .standing fur 12 hours, the mixture is washed with a 
steam spray, again allownl to stand for 06 hours, and treated with 2 per 
cent of fuller’s earth at a temperature of 215 degrees F. The .shrinkage 
in making this oil is high. It esimmands a price 3 cents alxive that of raw' 
oil. It bleaches to a light straw color at 550 degnvs F., and is quite light 
in color even at 60 degree.s. It is extremely high in specific gravity, and is 
used for the highest-grade varnishes. 

All of these fancy varnish oils are produced by chemical treatment, 
neces.sarily involving disadvantageous features. We now descrilw an 
oil produced by mechanical means alone, which is, moreover, from the 
varnish maker's standpoint one of the liest oils available for the produc¬ 
tion of all grades of varnish. This is the patented P. M. P. {Price Me¬ 
chanical Procc.ss) oil, almost invariably made from new-process oil. It 
is expensive to make and difficult to produce of uniform quality. It is 
very light in color, varying from straw to greenish, and sometimes 
assumes a more pronounced greenish tint upon heating. 

Ihe oil is first pat in a superheating tank, where superheated steam at a tempera¬ 
ture of 450 degrees is blown through it Ibis decomposes the “breakable” part of the 
oil, some of it passing off as powreful corrosive vapors and the balance setiiing in the 
tank when the steam is shut off. Ibe oil is thro drawn out of the tank and run through 
a centrifugal separator, which thoroughly removes the coagulated portion, leaving a 
clear and non-breakable oil. It is then given a very light treatment with fuller's earth, in 
order to lighten the color, and filtered. It is then refrigerated down to a troiperature of 
16 degrees F. bdow zero by pumping it through coils suspended in a brine tank, and then 
quickly filtered, so as to remove the stearine, etc., deposited by cold, before the oil is 
warmed iqr and reabsorbs this stearine. This is one of the most critical parts of the pro* 
cess, because if this stearine is not thoroughly removed the oil will show a light fioccu- 
Irot precipitate in very cold weather. 



256 


UNSEED OIL. 


ITir capacity of the plant uae<l is almut SOOO gallons per day. It is ' 
quite difficult to estimate the exact cost of uianufacture of the oil, owing 
to the fact that tlicre have Ix-cn no accurate data kept as to the percentage'' 
of shrinkage. The highest percentage claimed by one operator was 
Ix'tween S per cent and 4 per cent. Even this high per cent might permit 
of the economical sale of tlie oil at its differential of 3 cents when oil was 
very cheaj), but when oil is worth more than 50 cents it is questionable 
whether P. M. P. oil can lx‘ produced at a Sxs-nt price. Tlien- is isin- 
siderable opportunity for economy in the fictails of the operation. Tlie 
equipment consists of sujK'rheatcr, .separator, brine pump, ammonia 
compressor, cnameled-tile-lined heating tank, and brine tanks, llie oil 
finds application for paint grinding as well as for the production of var¬ 
nishes, but is too expensive to U' in general demand for the former 
purpo,se. 

Be.sides bleaching and breaking, linseed oil is frequently subjected to 
a third method of treatment, fitting it for some fiirtlier special applica¬ 
tions. From a non-breaking vami.sh oil, by continued heat, a thick, 
jelly-like substance is eventually formed, which is used as a «)n.stitucnt 
of patent leather and printer’s inks. Ordinary raw oil may be con¬ 
centrated in the same way, and if the “breakable” qualities are elimi¬ 
nated by agitation with air during the heating the resulting prodwt is 
highly oxidized, ready to dry with especial qiiiekness. Tlus finds its 
application in the linoleum industry. An exei'ssively concentrated prod¬ 
uct may be made so hard as to duplicate the properties of hard rubber. 
Tire “sweetmeats” formed by continued heating of a varnish oil arc one 
of the tests of the quality of such an oil. They should form readily and 
uniformly when the oil is heated in the varnish kettle to a temperature 
of from 480 to SSO degrees, the weight having then decreased about 8 per 
cent. For printer’s inks, the concentration is carried on until the loss 
of weight reaches about 16 jrer cent. A still further concentration of 
product results in the formation of an imitation “hard rubber.” 

A preliminary thickening of raw oil by heating and blowing, with a 
view to fit it for use for such further concentration, results in the produc¬ 
tion of various special artificially “aged” oife which find a wide market. 
They are even employed to some extent by paint grinders; but for this 
application must be pale in color. The process of blowing, if improperly 
conducted, may, however, actually reduce the drying power of the oil, 
it then becoming “fat ” and unsuitable for any application. 
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, These "aged” oBs are produced by the combined influences ol air and heat, the 
details of the process having been kept secret. They are blown at a high temperature, 
then allowed to cool off, and heated again. About tliree daya are required to complete 
'n batch. The keWles have double steam coils, and arc jacketed. Two tanks are used 
together, pumping from one over into the other. The cost of manufacturing this oil is 
said to be negative, the gain in weight more-than offsetting the expense of operation, 
'lire oil is used by patent-leather and linoleum manufacturers. It does not break, and 
bleaches untlcr heat. There should be no foam when heating the oil. It can readily 
be distinguished from raw oil by its high specific gravity, this being .946 at 61} degrees F. 
It is also more viscous than raw oil. 

Rape oil intended for lubricatiun is ustully subjected to a similar blowing treatment. 

Oils Bgptl by blowing arc more soluble in alcohol than raw oils, and 
according to Lewkowitsch the acetyl values are higher and the iodine 
ab-sorption lower. The principal adulterants are ro.sin oil and reams. 
Analysis should be directed at their detection and toward the determina¬ 
tion of unsaponifiable matter. According to Hall, the specific gravity and 
iodine number vary with the degree of concentration and are of little 
value in determining purity. TTie oil has a decided bloom, which should 
not be assumed to indicate, necessarily, the presence of mineral oil. 

Concentrated blown oils are soluble in raw oil and in various volatile 
substances. After drying, they are practically insoluble. A mixture of 
raw oil and dryer, subjected to a rather more intense concentration than 
is practiced with oivlinary “aged” oils, produces a very thick heavy 
product which foams heavily when subjected to high heat. It is used in 
coating wire mesh for metal windows and skylights, the netting lieing 
dipped into the oil several times. It dries with a very thick skin. 

Printer’s inks are made by grinding a suitable pigment into a varnish. 
The pigments may Iw black, white, or colored. For the cheaper inks, 
rosin oil varnishes are used. The rosin oil is prepared by destructive 
distillation of rosin in cast-iron stills, producing water, resinic acids, and 
a .series of rosin oils. By repeated distillation of the oils the water and 
acids are removed tmd the oils purified. The high-grade inks are pre¬ 
pared by concentrating a non-breaking (varnish) linseed oil by con¬ 
tinued heat until it becomes thick and viscous, and thar grinding in the 
pigment. The various concentrated linseed oils arc designated by num¬ 
bers whidi indicate the effect of time, method, and temperature on the 
thickening. For more rapid drying various oxidizing agents may be 
added during concentration. The pigments used arc carbon, mineral 
colors, coal-tar derivatives, or substances formed by precipitating water- 
soluble dyes on a suitable base. The grinding of pigment and oil is 
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accomplished in mills or mixers. The quality of the ink is judged from' 
its consistency, strength, intensity of color, permanence, brilliancy, and 
drying and working qualities. * 

Lithographer’s varnish should be clear, transparent, and only slightly 
darker than raw oil. It is prepared in the same way as the oil varnish for 
printer’s inks, but usually without dryers. It sometimes has a faint 
reddisli tint, and may exhibit a green fluorescenec. 

Linseed oil intended for linoleum manufacture is thomugbly oxidized 
until it forms a yellow gelatinous mass heavier than water and quite 
insolulde. It is mixed with ro.sin, cork fragments, and fillers, in the prefi- 
aration of linoleum. 'The l>est linoleum is made from the most thor¬ 
oughly oxidized oil. Extraction of the .soluble oil with ether indicates 
the degree of perfectness of the oxidation. An average sample of lino¬ 
leum analyzed by Pinette (quoted by Iwwkowitsch) gave, parts in 100: 
water, .S.Ol ; ether-soluble lin.sce<l oil, lO.CO; cork, 73.63; ash, 18.76. 

Vulcanized oils arc prej)arcd from “blown” oils by heating with sul¬ 
phur or by treatment with .sulphur chloride in the cold. They are used 
as substitutes for india-rubber, and have an iorlinc value ranging from 
.W.d to 56.3, with an acetyl value from 19.6 to 21.0. (Lewkowitseh.) 
Raw oil may Iw vulcanized, but tlic consumption of sulphur chloride is 
excessive. 

The cost of these .special oils is largely that of steam and lalror. 
The variations in the formulas u.sed by different manufacturcra affect 
the quality of the oil more noticeably than its cost. Shrinkage is a 
leading item in the expen.se of production. Accurate determinations 
of the cost cf .steam are impo.ssible, but close approximations may Ire, 
and should be, made. Most crushers have a general account “Boiling 
and Refining” and do not attempt much subdividon. The special 
oils serve to e.stablish a permanent market, and If they cost more to 
produce than tlie advanced price realized, tire difference is regarded as 
an item of selling expense. In a few cases the shrinkage is credited to 
the raw-oil stock, but this cannot be said to be general practice; hence 
the records of cost of production of special oils are usually ridiculously 
low, particularly as no charge is made'to “Boiling and Refining” 
arvount to represent the steam used. Special oils sell at from one to 
five cents advance over the price of raw oil. It is the aim of every 
crusher to produce special oils that will suit as many special markets 
as possible without being obliged to work with too rnmiy differmt 
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armulas. The {oHowing are the leading grades which eretj crusher 
hould (um to produce: 

Boiled, at 1 cent premium, 

Bleached, at i cents premium, 

Light vamieh, at S cents premium; 

md in addition to these a cheap dark varnish oil and a concentrated, 
down, “aged” oil will often be found profitable. 

Besides these common products of raw oil there is one other which 
s potentially of importance. Whenever the cost of linseed oil is low, 
o that it may compete with other oils, as an oil, irrespective of its 
Irying qualities, its consumption vastly increases owing to the m>v- 
nous demands from the soap industry. Any cheap fat is suitable for 
naking soap. In Europe, the soft linseed-oil soap is most highly 
irized; and its use in this country is increasing more rapidly than the 
'datively high price of oil would indicate as possible. Linseed oil can 
X turned into soap at a cost of 1J cents per pound, including (barrel) 
packages, less than half of a pound of oil producing a pound of soap, 
if oil is worth Sfti cents per gallon of 7^ pounds, or 5 cents per pound, 
he soap can be easily produced for 4 rents per pound, a competitive 
price. The main items of cost, in order of their importance, are oil, 
potash, barrels, and steam. 'Hie best location for a soap plant is at a 
pmd soap market, such as the large cities furnish. He best city to 
select would be one in which linseed oil could be produced cheaply, 
iuch as Buffalo or Cleveland. 

The soap is soft, darker in color than linseed oil, and is used for 
washing fioors, decks, wooden vessels, enameled ware, marbles and 
rtatuaiy, woolens, etc. Its special application, however, is to var¬ 
nished surfaces, such as the exterior of railway coaches. Another wide 
field for the soap is as a “cutting oil” in the machine shops, for lubri¬ 
cating and cooling taps, dies, drills, cutters, reamers, and lathe tools. 
A soap plant having a capacity of 10 barrels per 10-hour day can 
easily be installed complete for less than $1000. The preparation of 
the soap is as follows: raw oil, unfiltered, and rosm are mixed by 
heating. This mixture is saponified by the successive addition of 
solutions of caustic potash and pearlash in increasing strengths. 
After complete saponification, the soap, while hot, is run into barrels 
which hold about 4S0 pounds each. 
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In making soap, the glycerine, which is present as a glyceride of the 
fatty acids, does not combine with the alkali. By removing it the 
remaining fatty acids are suitable for use as soap stock, and the revenue 
derived from the glycerine, less the cost of manufacture and the 
shrinkage, is gain. In addition, it is claimed that some commercial 
aiivantage arises from the fact that the dcglycerizcd oil can be made 
into soap by the use of carbonate of potash only, no caustic potash 
l>eing required. The leading process of deglycerizing, controlled 
by Joslin Schmidt & Co. of Cincinnati, is claimed to pKnluce from 
100 ]iounds of linseed oil 10 pounds of actual dynamite glycerine 
(including the glycerine radical, Cjllj, in the oil plus the hydroxyl) 
and about pounds of fatty acids, which fatty acids will make the 
same quantity of soap as 100 pounds of oil. Tlie attual expense of 
the process for chemicals, steam, and lals)r is statnl to be not over 
25 cents for 100 pounds of oil treated. The cost figures arc therefore 
as follows: 


100 pounds of <dl treated eoata at 0 conts. $6.00 

Expense of treatment. iB 

Tt^ expense. $6.45 / 

Yk'ki 10 per cent of f^lyeerine at 10 ceiitx .. $1.00 

Ninety'five per cent uf fatfy adds at (.‘qiiala. B.’iB 

'lotal. $fl.4.'> 


It will be seen, therefore, that the result of the treatment, from the 
oil standpoint, is to produce an oil which costs the manufacturer one- 
half cent per pound less than tlic original oil. If this fatty acid prod¬ 
uct costing three and three-fourths cents per gallon less than linseed 
oil could ):e applied to some useful purpo.se there would be a con¬ 
siderable profit in the process. 

The fatty acids are darker than raw oil, have a more powerful odor, 
and should have a specific gravity lower than that of raw oil. When 
heated, they boil violently, emitting a very powerful smell, forming 
dnese white vapors and darkoiing. piey partially solidify upon 
exposure to a moderate degree of cold. They do not dry completely 
even under long exposure to the atmosphere. That portion of the 
acid which solidifies upon exposure to fire cold can be removed by 
filtration. The acids are sometimes used as adulterants for finseed 
oil. The acids cannot he used alone in making soap, forming a 
lumpy, unworkable mass in the vat; but by mixing with a large per- 
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ceniage of linseed oil they are readily saponified. The reagent used in 
the process costs very little, and this cost is included in the estimate 
*of 3S cents per 100 pounds fur the treatment. A plant with a total 
capacity for deglycerizing 10,000 pounds of oil per day would cost 
less tlmn $1000. A small experimental plant composed of empty 
cocoanut oil pipes with a capacity of about 1000 pounds per day 
could be set up for less than $100. The darker color resultmg from 
the "use of fatty acids rather than raw oil in making soap may be 
obviated by deglycerisnng a bleached oil. TTie process of deglycerizing 
consists in »mpiy Ixiiling the fat in closely rovered wooden tanks of 
appropriate size with water and a .smali percentage of the special 
chemical or saponifier which causes the .separation of the glycerine. 
Tlie boiling is done with steam and is very inexpensive, and at the end 
of one or two Imils of varying duration (according to the kind of 
.stock in hand and tlie puqmse to which the resultant fatty add is to 
be put) the glycerine is found to lie present in the water which settles 
to the Ixittom, and tlie fatty adds are ready to lie used at once for the 
production of soap. The glycerine water after treatment with a smalt 
percentage of common lime is ready to lie evaporated in any kind of 
evaporating machinery. 

The uilvwtascs of llic “Twitehcll” process are claimed to be the separation of 
chemicaUy piio* glycerine of high strength, the production of “sweet” fatty adds saponi- 
fialile hy carlxinatcs alone, simplicity, and low cost of operation. Failures in working 
the process are usually attributable to foal tanks, contact with iron, the use <rf hard or 
impute water or an impngicr quantity of water, failure to thoroughly purify tlie oil by the 
prelnninniy acid wash, the use of old or oxidised oil or too Iiigh a percentage of saponi¬ 
fier, or the exposure of the contents of the tank to oil. 
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THE IJN8EED OIL MARKET. 

Not an artide o( diiect comumption.—Basis lor its Bi^licalioiu.~-Variations in 
price.—linseed oil a staple.—Miaed paints.-Defects experienced.—Requisites 
of qood painting.—Raw oil the best for painting.—Fioduction of xamish.—Defects 
d varnish.—Lead grinding.—Linoleum.-Importanee of special oil prodiictiun.— 
Dealing in outside oils.—Transportation of linseed oil.—Price (rf ml related to freight 
on oil, seed, and cake. -Motor trucks for local shipment. —Complaints frmn linseed- 
oil customers.—Sale of linseed ml on commercial exduinges. 

Raw linseed oil is practically never an article of direct consumption, 
although its ultimate applications are more varied than those of almost 
any other commodity. A large proportion of the raw oil produced hy 
the crushers is boiled, refined, or otherwise treated at the mills to fit it for 
special markets. This treated oil is itself seldom directly consumed. 
Most of it is mixed with other substances to form well-known standard 
products, such as paints and varnishes, and others in which the identity 
of the linseed oil is apparently aitirely lost. For example, comparatively 
few people know that the ink with which this book is printed and the 
rovers in which it is bound are products of linseed oil and virtually 
impossible without linseed oil. Such raw oil as is marketed by the 
crusher is, in the vast majority of cases, subjected to further treatment 
hy the purchaser before it is ultimately used. Linseed oil is to the general 
public, therefore, very much of an abstraction. 

The liasis for nearly all of the applications of linseed nil is its charac¬ 
teristic property of drying. The surface of the oil exposed to air and 
li^t rapidly forms a hard dry skin. Wherever, therefore, there is 
required a vehicle for the incorporation of other substances in an ulti¬ 
mately dry product, linseed oil is used. It has competitors, but they are 
either inferior or much more expensive, ^sin oil, for example, is fre- 
quoitly used as a vehicle in the preparation of the cheaper grades of 
printer’s inks; but the absence of drying quality in rosin oil is evidenced 
by the soiled hands that result from the perusal of some of the cheaper 
newspapers. 
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The linseed ■crushing mills'of this country market annually upward of 
60,000,000 gallons of oil—nearly half of the world’s production, idthough 
resulting from the consumption of about one-fourth of the worid’s flax¬ 
seed crop. It is an unwritten law of the industry that a crusha muM 
not be interested in the manufacture or sale of other oils. In no other 
way can the consumer remiun satisfied as to the integrity of the product 
This quantity of oil annually produced is sold in raw or treated condi¬ 
tion to manufacturers (not to consumers) of punts, vamidies, patent 
leathers, linoleum, printer's inks, white lead, soap, waterproof stuffs, 
elastic rollers, enameled shoes, carriage tops, oil silks, etc. It finds a 
limited use as a lamp or table oil and in the preparation of “bird lime.” 
The raw product, sold principally to paint grinders, has fluctuated in 
price during the past forty years between 24 cents and $2.08 per gallon, 
treated oils ranging from 1 to 8 rents higher. IVhen high in price, the 
applications of linseed oil are strictly limited to those standard and neces¬ 
sary in the established arts; when low in price, the consumption of oil 
increases immensely and its applications are widespread. Linseed oil 
is a staple, like wheat or cotton, and its price from day to day may be 
readily determined by reference to opoi market quotations. Variations 
of I to 2 cents in the price may occur with various buyers; but variations 
in excess of this arc imposrible and point to adulteration. Quotations 
of 4 or 5 cents under the ruling market price should be absolutely disre¬ 
garded. No hom-fide crusher ever makes such quotations; nor will 
crushers vary the established 1 per cent 10 day discount rule. 

According to Lewkowitsch, extracted (new-process) oils are not suit¬ 
able for paint grinding. Ncw-process oils are, however, sold to some 
extent to grinders, and a refined extracted oil is made especially for their 
trade l)esides the P. M. P. varnish oil and the two raw oils, “Vacuum” 
and “Special,” the former having had the naphtha driven off under 
partial vacuum and the latter under pressure. There is a small market 
for cold-pre,ssed oil, and sufficient demand for oil from Calcutta seed to 
warrant the seaboard mills in making a abort run on such seed every few 
years. 

Paints are prepared in either of two ways—by machinery, at a factory, 
malting “mixed paints,” or by hand, by the painter, who combines the 
color, white lead ‘ or other material, as zinc wlute, and linseed oil “on 

‘ Wliite lead is a fully hydrated basic lead carboaate, containing about 68 pec cent 
of carbonate of lead and SI per cent of bjnirate of lead chemically united. The chem¬ 
ical symhol is (FbCX),), Eb(OH),. In its manufacture by the usual “old Dutch'* 
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the job ” to suit himself. A machine “mixed ” paint is the better paint if 
honestly made, the ingredients being more closely incorporated and more 
uniformly proportioned than where mixing is by hand. The production 
of ready-mixed paints in the United States exceeds 70,000,000 galfons 
umually. Unfortunately, no products are more widely adulterated than 
mixed piunts. Much of the trouble following the use of adulterated 
paints has been wrongfully attributed to the oil. The funetion of the 
oil is to hold the pigmoit in suspension and to distribute it in a durable 
and elastic coat Lead or zme compounds are added to give body, and 
thinners like turpentine to fadlitate application with the brush, with 
(usually) various liquid dryers to hasten oxidation. 

A paint mixed with white lead alone is apt to powder and “chalk,” 
and is generally considered less duraldc than one which contains zinc.’ 
Mixtures of zme and lead are commonly used; but in all cases linseed oil 
is the vehicle for the mixture in a pure paint, to which it imparts the 
quality of permanence.’ “Subluned” white lead (otherwise' called 
“sublimated lead sulphate” or the “oxysulphate” or “leasic sulphate” 
of lead) consists of aliout 75 per cent of lead sulphate, 20 per cent of lead 
oxide, and 5 per cent of zinc oxide. “ Lithojione ” is another white lead 
substitute or equivalent, but is not often used in ready-mixe<l ]>aints. 
Barytes is the most common of all white-lead .substitutes: gypsum, whit¬ 
ing, silica, silicate of magnesium, china clay, and other substances are 
also u.sed. These latter are commonly regarded as adulterations, 
although it is .sometimes contended that a beneficial influence is exerted 
by the addition of a sukstance like barytes to a pure white-lead mixture, 
llie thin skin formed by paint upon an exposc'd surface must be not only 
dry but elastic, so that it will not blister or crack when the .surface is 
exposed to variations in temperature and moisture. The most perfect 

piw-esH, metallic lead, cast into pi'rforated disks called buc'Ues, is placed iu pots eou. 
taminz weak acetie add and surrouaded by spent tan-bark, llie carbonic add pas 
given off by the fermenting lairk miitea with the buekles, changing them to lead cae 
bonate. The "corrosion.*’ as this action ia called, reqnirea frtan 100 to 120 days. The 
white carbonate is then separated from traces of metkltic lead, pulverised, and ground in 
water. Hie wet lead may be ground in oil by a proegaa which eliminates the water from 
the combination, or, aa is more usually the case, ie lead is dried before grinding in oil. 

* “Scaling" la the term applied to a condition in which the paint leavea the aurface 
bodily, while “chalking" occurs when the pigment alone remaina. When acalmg 
flaking, or peding occurs, the old coat muat be burned off before a new coat la applied. 

’ '“niere la, generally apeakirrg, but one paint vehicle, and that ia litraecd oil." — 
THOHteos. 
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elasticity is given by a coat of pure raw Hnseed oil tUone. The introduc¬ 
tion of dryers hastens the drjing, but impurs the elasticity and dursliility. 
,Most pigments also have an injurious action upon the oil, and the 
necessity for color is consequently met by a sacrifice in other qualities. A 
paint is, therefore, always a compromise, and no paint can ever be entirely 
satisfactory. The best results are secured by applying paint to a clean 
dry surface free from grease and soot and from former damaged coats of 
paint. Green or pitchy lumber or woodwork wet by rain or dew cannot 
be successfully piunted until dry. Painting should not be done in fro.sty 
weather. Raw oil should lie used in preference to boiled, when weather 
conditions are such as to promise the necessary time for drying. No 
addition of dryers should be necessary in tlie case of a good ready-nuxed 
paint. Priming coats * should lie applied with unusual care, and should 
lie composed as nearly as possilile rf pure raw oil,’ either lead or zinc or 
color pigment lieing harmful.’ Paint should lie applied in tliin coats, 
well brusihed out, and the coats should be applied in rapid succession. 
Raw limseed oil is best for mixing, either at the factory or “on tlie joli.” 
If tlie pigment selected requires the use of a refined oil, one prepared by 
fuller’s earth is best, if obtainable. If weather conditions ncw.s.sitatc 
the use of Ixiiled oil, this should be a pure oil prepared at the crushing 
mill by concentratid dryers and in a .steam kettle. Either Uiiled or 

' Undiluted linseed oil is by some iminlem rfjjanicii as unsuitable tor use as a pruning 
coal for metal work. Li such npplirations it dries slowly and hsMely. Special pauita 
are ninunonly used, and much attention must he given to keepuig the surfaces clean 
before applying the laiint. See launr by M. P. Wood. “Rustless Coatings for Iron and 
Stid.’’ 'IVana. A. S. M. E.. XV. «»8. XVI, 350,603. Red lead witii linseed oil, however, 
makes an eutirely satistactory metal primer. Reference may be made to the paper by 
t'lieeaman at tlie convention of the .American Society for Testing Materials. June «0, 
1907; also to an ahatract from the Farben ZeUwg, quoted in the OU. Paint, and 
Drua Iteparler 1005 

• “The esaential «)uaideralion uith the priming or first coat is to secure auiteble pen¬ 
etration into tlie wood. . . . Raw oil should, almost without excqitioii, be used instead of 

boiled oil for reducuig the jraint for the priming coat. Raw oil dries slowly and frran 
the bottom up, which allows it to Ire thoroughly absorbed and to hanlen uoifoimly. 
Boiled ml does not penetrate the wood, owing to ita rapid-drying qualities, and hence 
the coating formed is a surface coating only, and dues not become firmly anchored to the 
wood. . . . The priming coat slionld be given ample time to dry before applying the 
second coat . . . nail holes and tracks should he cmefully puttied. Cheap putty 
slaruld be avoided, as it in apt to turn yellow and uWraately erumlile and fall out. . . ^ 
Tlie paint for the third coat should lie rf good eonsisteney, with a full raw oil reduction.” 
Hollet and Ladd, Mixed Paiate. CiJar Pijamds, and Vamuhee. 1908. 

• A mivture of teri pounds of wliite lead, two gallons rf linseed oil, and one gallon d 
turiientine is, however, very coinraimly used. 
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refined oil should be of standard brands, purchased direct from the- 
crusher or in the original packages. TTie boiled should cost from 1 to 2 
cents over the prevailing price of raw oil and the refined from 2 to 3 cents. ■ 
Refined oils do not dry as quickly as boiled oils. 

Zinc white forms certain water-soluble compounds with linseed oil, and 
is regarded as unsuitable for use alone on account of the resulting effect 
of blistering. Zinc, being an extremely active base, reacts strongly with 
the linseed-oil adds; a mixture of the free fatty acids will, in fact, readily 
form a hard cement with anc. White lead appears in be the only pig¬ 
ment ever successfully used alone as a base for paint mixtures.' In spite 
of its one serious drawback, a white-lead ooat almost invariably leaves a 
surface in the best passible condition for repainting. Some bases in com¬ 
bination with oil react so strongly with iron that .streaks of iron rust may 
appear where unputtied nml heads have been left. The bases in mixed 
pamts (white lead, zinc white, eb'.) are not chemically united with the oil 
by mixing; diemiral imion takes place, if at all, during the drying.’ The 
oxidation of oil and of oil punts, which ultimately thickens the mixture, 
leads initially to a perceptible thinning, facilitating the .spreading of the 
coat. This action may, however, be modified by the action of various 
pigments. Economy in paint grinding involves the use of a suitable oil — 
usually one low in free fatty adds. Variations in this respect lead to 
large increases in the proportion of oil required for a proper mixture. 
This point must be given especial attention when refined oils are used 
for grinding. Aside from the question of spreading capadty (i.e., the 
consumption of paint per thousand square feet covered)* the punter is 
interested in the avoiduice of “tackiness” or “livering” in the paint. 
The “tacky” condition is one in which the undried and unthinned paint 
has an india-rubber-like resilience, not sticky, but springy. The cause of 
tackiness is not well understood, but is usually (probably unjustly) 
attributed to the use of defective oil. “Livering” occurs when oil and 
pigment are mixed before the grinding is done. It is manifested in a 

' Zinc oxide (“zinc white”) is seldom used alone, because the amount of ml necessary 
for properly thinnins the mixture is so great that the sine particles are too widely sepa¬ 
rated to form a thorough covering coat. ’ 

* The effect of the use of lead in increasing the drying property of the oil is a maxi- 
'snum when the percentage of lead ia about .S. 

* “White lead paste can be mixed with h'nseedoil in the proportion of 4 gallons of lin¬ 
seed ml to the 100 poimda or of S gallons of linseed oil to the 100 pounds, as the con¬ 
dition of the surface may require, and the painter will find comparatively little difference 
ia the ease witii wfairdt the two paints can be applied.” — Thouvbon. 
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“ cheesy” character of mixture,which,however,disappears upon thorough 
amalgamation. Poorly ground paints may “livar” in the package. They 
I are then “ hard ’’and difiicult to work. The ideal grindii^ is that which 
thoroughly coats each minute particle of pigment witii oil. Many of the 
“troubles” of painters are due to accidents occurring during or after the 
application of the coat, from contact with damp or overheated surfaces, 
from the presence of a moist underlayer as the result of a leaking gutter 
or leader, etc. 

Varnish is “an amalgamation of fossil resins with linseed oil, tur¬ 
pentine, and dryers.” This description applies to the better grades, or 
to what are known more strictly as “oil” varnishes. The gums or 
resins give strength and body; the turp«itine facilitates solution; the 
oil imparts permanence; and dryers must l)e used, since only the purest 
linseed oil is permissible, one that has not undergone such chemical 
treatment as to impair its elasticity and durability. The gums are 
dissolved b the solvent by heat, and the oil th«i added. Besides the 
pitches, there are used in varnish making not less than fifteen gums, 
resins, and balsams. These impart hardness and brilliancy to the 
vamisli. They differ greatly b adulteration, solubility, etc. Other 
substances are often added, like bdia-rubber, camphor (to facilitate 
solutbn), Chba wood oil (which from its poisonous properties pro¬ 
tects woodwork from the attacks of insects), paraffin wax (to dettease 
brittleness and as an encaustic), cellutoid (b cheap spirit vamiidies), 
and metallic resbates (cheaper than natural resbs). Various color¬ 
ing matters are used, some of these being themselves rerinous bodies. 
Various thinning solvents may be used, but these must be employed 
with caution by the consumer, sbce some of them cause the resin to 
separate from the origbal solvent. Ethyl alcohol, absolute alcohol, 
ether, methyl alcohol, methylated spirit, acetone, carl»n disulphide, 
naphtha, and turpentine have been used, the last named bebg generally 
employed as a thbner. A semi-drying rosb oil is often used b inferior 
varnishes. This is prepared by an elaborate series of fractbnal dis- 
tillatbns. 

'The resbs are sorted for size, washed, sorted for quality, and crushed. 
They are usually dissolved over an open fire, sbce their solubility 
bereases with the temperature; but the use of superheated mt or 
superheated steam has been proposed. In the manufacture of the 
best varnishes the exclusive use of Ibseed oil as a medium is almost 
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univeisal. With the moisture and breakmg tendency removed, and 
the matter of color properly adjusted, the carefully made varnish oil 
of the linseed crusher has no competitor. Varnish has been made in, 
this manner for about two hundred years. Its manufacture is a procciis 
approaching the status of a fine art, and dependent to an unu.sual 
extent upon the absolute purity of the ingredients. The liest varnish 
oil would be cold-pressed linseed oil; but on account of the hij^ cost 
this is rarely used, and chemically treated oils arc employed instead. 
The treatmrat should Ire one that has affected the nature of the oil to 
as slight Ml extent as possible; and dark varnish oils are ronsequently 
better from tliis standpoint tlian the lighter oils. Where lightness of 
color is essential, a mechanically prepared oil is better than one chemi¬ 
cally prepared. Such an oil costs three cents more than raw oil. 
Good dark varnish oils are sold at an advance in price of one cent. 
Tire only requirements for a varnish oil, aside from purity and color, 
are that it should not break and that it heat quietly, without darken¬ 
ing or foaming, up to the temperature of ignition. The principal 
defects of varnishes are .stated by one writer' to la- “pitting,” “creeping” 
or “crawling,” usually due to oily or greasy or soft surfaces, damp- 
ne.ss, cokhiess, or the pre.seucs“ of ac-ids in the oil, and oftenest exja-ri- 
c-nced with high-grade varnishes; “flatting,” “silking” or “enameling,” 
due to a porous surface, a humid atmo.sphere, or fumes from volatile- 
solvents, to la- avoided by imparting “hard” drying qualities; 
“cracking.” due to covering old, inferior coats, to apply'mg tiai many 
coats, or to applying the successive coats ha> rapidly; “roping,” or 
the refu.sal of the varnish to spread, due to low temjrerature and 
drafts; “blistering,” due to excessive premature heat or excess of oil 
or moisture from la-neath; “specking,” due to freezing; “sagging,” 
due to uneven application or improper mixture <(f ingredients in the 
varnish kettle; and “blooming,” often caused by dampness. Few of 
these “troubles” can ever be attributable to the oil; yet many deco¬ 
rators find this a convenient scapegoat for all of the cbmplications 
experienced in their art. The varnish is prepared by heating over an 
open fire in laige hemispherical kettles. The process is delicate and 
dangerous, and tliere are many opportunities for slight errors in ma¬ 
nipulation which often result disastrously to the ptodued; but by far 
the greater part of the complaint following varnishing work is due to 
■■ B. E. Mller. in Praxediagi if the Nfx York Raiiroad CbA. XVU, 4.' 
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•errors in the application of the vamiah to the surface. He Ob/te(/ 
States Navy specifications (1906) for interioT varnish required that it 
ise made from the best grade of hard vaniish resins, pure linseed oil, 
pure spirits of turpoitinc, and lead manganese dryers only. It must 
not flash below 105 degrees F., and must dry hard at 70 degrees F. in 
84 hours. Most of the cheap varnishes are made by adding 5 or 6 per 
cent of quicklime to melted rosin and dissolving in linseed or China 
wood' oil. The lime hardens the rosin, and the varnish dries with a 
brilliant surface, which is, however, easily scratched or cracked. 

One important use of linseed oil is as an ingredient of core sands 
for foundry work. According to A. E. Outerbridge (Trans. A.S.M.E., 
XXIV, 2) a marked reduction in the cost, skill required, and time of 
making cores is effected by the use of linseed oil and sharp sand in 
place of the usual core sand mixed with flour or other binders. The oil 
and sand are mixed by a centrifugal machine, and the cores require 
no ramming. Tlicy are made by unskilled lalmr. 

'ITie preparation of “white lead in oil" from the white powder 
produced by the “Old Dutch” or “Bailey" process is a prelimi¬ 
nary step in the preparation of paints, the lead Ixing “ground” or 
mixisl in oil in the same manner as any pigment. From 7) gallons 
of oil and upward arc iisrsl per 100 pounds of leail. This semi- 
prepared lead is found to incorporate more readily than the dry powder 
with the oil and rsdored pigment which, jointly with it, constitute the 
paint. 

Linoleum is prepared by .saturating linen or fibrous cloth repeatedly 
in a partially oxidized linseed oil with which pulverized cork has la-cn 
amalgamated. The oil fonns a very thick heavy film to whidi the 
cork gives Ixrdy, and the chrth .serves as a guide or form. Specially 
treated oils arc always employrsl for this application. These are pre¬ 
pared from raw oils, .sometimes by the crusher, sometimes by the con¬ 
sumer. The few linoleum and oilcloth manufacturers are the largc.st 
individual istnsumers of linseed oil, and at least one of them is himst'lf 
a crusher. A single linoleum pnulucer may consume a carioad (6000 
gallon.s) of linseed oil per day—practically the output of a IS-press mill. 

A hi^^^grade pure linseed oil varnish is generally used for coating 
insulated cables and for insulation for curved surfaces. These insu¬ 
lations will withstand an e.m.f. of 800 to 1800 volts per mil of thick- 
neas. The oil is worked in a series of superimposed cfoth layers. 
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The power factor of the oil varies from .10 to .50. (Discussion of*" 
paper by H. W. Fisher, Pittsburg Section, A. I. E. E., Feb. 5,1908.) 

The policy of crushers differs with regard to the production of special’ 
oils. Refining is a business in itself. If a mill is so located as to be able 
to dispose readily of its raw oils, it need not refine. If competition is 
severe or the near-by market poor, refining may serve to establish a 
permanent trade. The boiled-oil trade, though rapidly becoming 
quite insignifieant, serves the same purpose as far as it goes. Ohe of 
the most popular brands of Imiled oil in the country constitutes *6 per 
cent of the total shipments of the producing crusher. Another mill 
boils only 6 per cent of its oil. The new-proceas mill treats practically 
all of its oil, the P. M. P. being the popular brand; but a dark varnish 
oil and a Imiled oil are produced, besides those already mentioned. The 
trade in this last is very small, on account of the prejudice among paint 
grinders against extracted oil. A large amount of the new-process oil 
is sold in the East, although the mill is located at Chicago. Another 
Chicago mill treats 80 per rent of its product, also shipping largely to 
the East; while one of the New York mills, which should properly keep 
tlie We.stem special oils out of the New York market, treats only 30 
per cent of its output, and even this percentage has been declining. A 
large amount of oil is handled lietween mills, one mill marketing, as a 
tank station, sperial oils which it does not produce.* Thus during 32 
months there were shipped from Buffalo to New York 854,000 gallons 
of oil prepared for the linoleum industry, on which over $10,000 in 
freight would have been saved if the New YoRc mills had themselves 
refined this spedal oil. One New York mill handled outside oils, 
during three successive years, to the extent of 16, 20 and 18 per cent of 
its own product. These oils, however, pass through the hands of 
crushers only, and should not be confused with “second-hand” oil, 
which is far more oft«i found adulterated. 

Freight rates on linseed oil are usually quoted per 100 pounds gross 
weight, the gross weight in the case of tank car shipments being the weight 
of oil only. The advantages of such shipments over those in barrels have 
already been pointed out. Hates are CL or'LCL. The CL rate always 
applies to tank cars and to shipments of not less than sixty barrels, in 
barrels. Sometimes rates, especially for water transportation, are made 

‘ There were shipped to various markets, from MinueapolU, during 1607, over 
16,000,000 gallona id oil — more than one-lourth the country’s jwoduction. 
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“per barrel”; sometimes a special rate is made per 100 pounds net wnght 
of oil “ in tanks.” Water transportation is, of course, cheaper; but tank 
ears cannot be shipped by water excepting for short distances in harbors. 
Through rates are often made on “rail and boat” shipments, as, for 
instance, from Buffalo to Savannah, Ga., via New York. The advan¬ 
tage which one mill may have over another with regard to oil freights to 
a specific market is not as easily determined as would at first appear. 
The freight on oil from Toledo to Detroit is less, for example, than from 
Chicago, but the location with respect to seed supply and cake shipment 
of the Toledo and Chicago mills might easily be such as to enable the 
latter to deliver oil at Detroit at a lower cost than the former. Each mill 
should properly know the cost at which it can deliver oil to its own tanks 
after paying for seed delivered and after packing the cake and delivering 
it to the buyer. The expense of packing the oil, and the freight, must 
then be added to the “tank” cost to determine the cost of oil at any 
stated market. In general, however, the oil moves along geograph¬ 
ical lines, based on general averages. Buffalo ships oil to New York, 
Boston, Kttsburg, and Philadelphia; New York and Philadelphia supply 
Southern points accessible by water; Chicago, some Southern points 
reached only by rail. Buffalo or Toledo supplies Cleveland; Toledo 
or Chicago, Detroit, Dayton, and Cincinnati. 

lire cost of local shipments in barrels or tank wagons is often rela¬ 
tively high. Motor trucks have i)een considered for this work. These 
are u.sually electrically operated, and can be secured up to five tons’ 
capacity. They are used to some exteit by brewers, but the cost of 
operation is found to be heavy, particularly with regard to maintenance 
of tires. Under the best conditions, the maintenance expense is about as 
low as that of two twodiorse trucks. The service is fairly good, and free 
from interruption by ice and slippery pavements. One large truck will 
do more work than two two-horse trucks. TTie best service is when the 
load is heavy and the haul long, as where a mill is located at some dis¬ 
tance from the center of distribution. Under such conditions, a motor 
truck may be expected to effect a saving in the cost of drayage. It may 
carry oil in barrels or in a tank, or may be convertible to either form. 
In some cities the trucks may be purchased under “maintenance con¬ 
tracts,” by which the truck manufacturer assumes the cost of mainte¬ 
nance upon the payment of a stipulated sum annually. 

Complaints regarding linseed oil arise from incorrect weights and 
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impure oil, besides sometimes from carelessness on the part of the con¬ 
sumer in using the oil. Most complaints are due to trifling causes, and 
many arc of trifling consequence, but all are annoying. Occasionally 
actual adulteration is found, as in one case where a specific gravity of .90 
was observed, and the oil timicHl green at .VK) degrees. This oil had 
passed through three hands after leaving tb.e crusher. Short weights 
ate often complained of. Tliey are randy due to intentional misbrand¬ 
ing, but often to leakage; .sonietiines slight shortages occur from .soakage, 
and not infrequently oil is .stolen by teamsters and others. Anyone can 
nniovea bung from a barrel and draw off i tie or two gallons of oil. The 
usual type and one of the mi .st distrrs.sing of complaints is that which 
comes from some manufacturer who has ruined a quantity of some 
costly jrroduct, like patent leather or varnish, in consequence of some real 
or imagined defect in the oil. Such troubles are hard to deal with, and 
the l.uycT is not a|)t to accept us final the result of a chemical examination 
of the oil, which is all that the i ni.sher eiui do to prove th(“ purity. They 
would he entirely eliminatisl if all buyers would ins|XH't and test by .sim¬ 
ple methods ewery .shipment i f i il before using it; and eru.sher.s would 
welcome such a practice as establishing the usual ]>urily of the oil, and 
drawing attention to any acs'ideiitully footy or eloiidy oil, which esmhi be 
returned for exchange bcdoiv .serious damage had bis-n done. Tare 
weights on liarrel sliipments are frequently elaimcsi to Iw underbraiidcsi. 
Such a claim permits of ready investigation, but may be csnnplieatc'd by 
the (|ue.stinn of soakage and by failun- of the eu.stomer to tlioroughly 
drain the Imrrels. Case's have Iwen known where an entire barrc'l of oil 
has lieen .s-tolcn, the empty barrel afterward being filled with water 
or .something else and delivered to the consumer. The two leading 
legitimate rla.s.ses of complaints arise from dirty barrels and improperly 
filtercsl oil. A Imrrel that is not clean, or that is wet, invariably contam¬ 
inates the oil. Oil drawn from the Imttoms of tanks or drawn in cold 
weather when fresh or after fast filtration is invariably cloudy. Foots, 
in suspension or as settlement, resulting from this cause or from an 
attempt to dispose of tank settling.s, give good ground for objection. For 
such defects the crusher is of course responsible. They constitute about 
the only “impurity” that ever gets into linseed oil from pure flaxseed 
before it leaves the iTushing mill. 

Iteference is made in a previous chapter to some speculative features 
of the flaxseed trade. The financial status of the linseed industry, it is 
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" believed, would be strengthened by the “plan to enable the crusher to 
sell his main product, i.e., raw linseed oil, on the commercial exchanges 
* 'nf the country, where under the strict rules of these markets he buys the 
bulk of his raw material. Safe methods could be devised for warehouse 
receipts, as secure to the holder, or banker, as auy warehouse collateral, 
properly safeguarded as to quality by inspection. Commercial exchange 
in linseed oil would open opportunity in what may be elaimed as legiti¬ 
mate speculation by the eonsumer, who could in this field hedge his 
requirements on the .staple article, or sell, and repurchase; while for 
.special or refined oils he could transact business with the crusher direct. 
Tills method of trading would steady the price of tlie joblier, as good 
judgment would .sufjtest transactions on exchanges should not be for less 
than dlHK) gallons or the equivalent of that quantity.” The rules regu¬ 
lating transactions in linseed oil among memla-rs of the New York 
l*roduce Exchange, aibipted July 21, 1904, are intended to meet these 
requirements, so far, at least, as tlic New York trade is concerned. 

Engli.sli (and other foreign) prices for linseed oil are usually quoted per 
2240 pounds (ton) or jier 112 pounds (c-wt.). Tlie price in cents per 
gallon of 75 pounds ec|uals 1.62 times the price in shillings per cwt., or 
.081 times the price' in shillings per ton; the pound sterling being taken 
equal to $4.84, worth 20 shillings. 



CHAPTEB XX. 

THE FEEDING OP OIL CAKE. 

Uses of cake.“It8 geographies) distribution.—Anslysis. ^AdulteraticHi.—Meal.—T^iieoiy 
of feeding.—Specification for linseed calce.—Comparison with cotton seed calce. 
Compound cake.—Methods of analjiring cake. 

The only use for linseed cake is as a food for live stock, especially 
for dairy cattle. Its value for this purpose is of the first importance. 
Excelled in nutritive value only by cotton-.seed cake, and superior to the 
latter in special dietetic properties, it is the favorite feed of the most 
suecessful stock-raisers. The cake contains from SO to 36 per cent of 
(irotcin, of which about 8S per cent is digestible, and the nutritive 
value is consequently three or four times that of hay. The percentage 
s)f fat varies from 4 to 8. Although used extensively abroad, American 
farmers apparently have little appreciation of the value of linseed 
cake. Only about 20 per cent of it, nearly all of which is in the form 
of meal, is retained for home consumption, aIthoiq;h the fertilizing 
value alone of the manure from the cake is estimated at over $16.00 
per ton. The domestic demand is slightly but steadily nureasing. 
The principal foreign demimd is from Belgium, with Holland as a 
clo-se competitor. The.se two countries take annually about (10 per 
cent of the total exports of lin.seed-oil cake from Uie United States. 
In Belgium, at least, linseed cake has practically superseded the once 
more familiar cotton-seed cake. The United Kingdom furnishes the 
third market, although the more popular feeding stuff there is the 
cotton-.seed cake. In 1895 England took 84,000 tons of linseed cake, 
and in 1901 only 49,000 tons, the decline having been almost without 
interruption. During the same period England’s imports of cotton 
oil cake from the United States increased fjom 78,000 tons to 166,000 
tons. The English prefer a cake having a high percentage of oil. 
This they obtain in eotton oil cake, which is, moreover, sold at about 
the same price as linseed, or even at a slightly lower price. Oil pake 
is aI.so exported from this country to France and (Wmany to the 
extent of about 30,000 tons per year for both countries. A slight 
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funount is flipped to the West Lidtes end Canadft, probably not over 
6000 tons annually. Ihe avoage annual esqports of linseed cahe bom 
the United States to ail countries for the five years ending June 80, 
1908, amounted to 844,000 tons, valued at 84,665,000. Denmarit 
imports no linseed cake whatever.* Of the six principtd oil cake con¬ 
suming countries of Europe, Belgium, Holland, and France may 
be classed as linseed oil cake importers, and Germany, the United 
Kingdom, and Denmark as cotton seed cake importers. The Danes 
claim that when cows are fed on linseed cake the butter obtained from 
their milk is invariably less delicate in flavor. For fattming pur¬ 
poses, however, they admit that linseed cake is the best feed, although 
they do not buy it on account of its high price. Japan offers a large 
market for oil cake, now supplied chiefly from China and India. The 
imports for 1904 were 100,000 tons; for 1905, 835.000 tons; for 1906, 
380,000 tons. England buys no linseed meal, preferring the eake on 
account of the decreased probability of adulteration, and because it 
results in practically no loss when feedmg in the open, as is the usual 
practice. The total exports of meal from the United States are 
insignificant. 

lanseed oil cake is produced in the following competitive and noncom¬ 
petitive countries: Kussia, Germany, Poland, France, Spain, the United 
Kingdom, Holland,Belgium,%ypt, India, Peru, Chili and the Argaitine. 

Laws regulating the sale of feeding stuffs are in force in most of the 
states of the Union. The usual adulterants of linseed cake are sand, 
rape seed, cake brmi, and elevator screenings. The adulterations are 
not all harmful. Following are romparative analyses of pure and 
typically adulterated samples of linseed meal. (Adulteratiou with 
elevator screenings.) 


COMPARATIVE MEAL ANALYSIS.* 


RxMn — 

A 

-B 

(pure). 


9.iS 

8.50 


1.00 

.86 


S5.0S 

92.06 


9.60 

9.16 

Fftt . 

6.75 

7 35 

Starch. 

38.38 

41.10 


1 The monthly receipts and exports of oP cake and meal are regularly ranided in the 

annual statistical reports of the New York Produce Exchange. 

* Note that the percentage of protein is in favor of the adulterated sample. 
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A sample of “new-proeess” meal gave, in parts per 100, water 9.18,*. 
ash 4.90, oil 1.50, filwr 9.04, albuminoids 41.60, carbohydrates 33.78. 
A foreign analysis of a meal stated to Ix* impure gave oil 4.3, moisture* 
10.5, albuminoids 88.7. The meal contained alwiit 13 per cent ef 
chaff and straw-like particles. Linsci'd meal is much more easily 
adulterated than cake, as the 4)nly way of putting foreign substances 
in the latter is to introduce them before the flaxseed is preased. 

What trade there is in the Unit^xl States in linseed eake is nearly 
entirely meal trade. In order to introdui'e the product to American 
farmers, it has l>een sold rather mon* cheaply than it should have Wn. 
Tlie actual cost of making one ton of meal is from ninety cents to one 
dollar, not including shrinkage. Not less than 60 horsepower is 
requirwl to operate a grinder crushing 100 tons per 24 hours. The 
shrinkage in grinding cake is heavy. 

. Thforg of Feeding. 

‘*('uai{tarisuii8 different kinds of fmKis are usually made ou a dry ur water-free 
luuuit, wliieh shown 6te perrentaKO of food in^'dients in die dry matter. Anh is what is 
left whai the cirnibustible part of a feediim; stuff is burned away. From the various 
rnnstituents the food tlie difjestive orf^ns <if the animal sdleet those width the ani¬ 
mal needs and the rest is voided in tite manure. Fat,’ ur material which in analysis is 
dissolved from a feedinfi' stuff by etiier, includes, liesides real fats, wax, the color- 
iniif matter of plants, eb*. For this reason the ether extnui is usually designated ‘crude’ 
fat. Carbohydrates uv usually divided into two groups: (1) Nitrogen-free extra'*!, 
including stardi, sugar, gums, and the like; and (2) critulose or fiber, Ute essential 
<'onstituent of the walls of vegetable cdls. The carbohydrates fonn the largest part of 
all vi^setabie foods. They are not pennanentiy stored up as sucli in the animal body, 
but are either stored up as fat or burned in the systetu to piodure heat and energ}’. 
They are one of 6ie (uincipai sources of animal fat. Protein (or nitrogenous nuiterial) 
LH the name of a group of materials containing nitrogen. All other constituents oS the 
feeding stuffs —> the ash, fat, and carbohydrates — are non-nitrogenous or free from 
nitrogen. Proton’ niaterids are often designated as ‘flesh formers,’ l)eoau8e they 
furnish the materials for the lean flesh; but tht^ also niter largely into the composition 
of blood, skin, iniisdea, tendons, nerves, hur, boms, wo(d, the (‘asein and albumen of milk, 
«2c. For the formation of these materials pnitein is absolutely indispensable. No sub¬ 
stances free from nitrogen be worked over into protein or fill the place of protein. 
It is, then, absolutely necessary for an animal to be provided with a certain amount of 
fHotriii in order to grow or maintain existence. Frgtein, like its counterpart, the nitro¬ 
gen in fertniaers, is the roost expensive element in food, and a considerable amount of it 
is abstdutely essential to growth. 

* '‘fkt is the hit or oil (ff the material, and its ofiko is the production of fat and lieat 
in the animal system.’* ‘ 

’ “Protein is the nitrogen^ntaining albumen-like substance of plants, in 

composition and riuuracter to the white of an It is the roost costly form of food, and, 
generally speaking, has for its function the furroatkai of^flesh and muscle.*’ 
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H "A ratio furnishing the protein, fat, and carbohydrates in the right proportion is said 
to be a ‘balanced’ ration. If it contains too much carbohydrate and too Uttle protein it 
is not well balanced, In addition to furnishing the requisite amounts of nutrients the 
'•food must have a certain bulk. The required bulk is secured by feeding a certain 
amount of coarse fodder, which aids digestion and helps to keep the animal satished 
imd healthy. The measure of the bulk or total solid matter is the weight of dry matter 
in the ration. The dry matter is the solid or water-free portion of the food. More lati¬ 
tude is allowable in this with a diluted balanced ration than in the case of any single 
nutrient.” 

The cake obtained as a by-product in the manufacture of cotton¬ 
seed oil is practically the only competitor which linseed cake is obliged 
to meet as a ismcentrated feed. Cotton-.seed cake is much more 
variable in its composition than linseed, the protein ranging from 83 to 
53 per cent and the fat from 8 to 81 per rent. Such variations would 
Ire entirely inadmissible in the linseed industry. TTie average fer¬ 
tilizing values of the two cakes, in pounds per ton, of nitrogra, phos¬ 
phoric acid, and {lotash, respectively, are stated to be, for linseed, 106, 
39, and 80; fur cotton seed, 135, 61, and 36. A test of new-process 
linseed meal, however, gave the figures 68 to 88,80 to 84,and 80 to 88; 
while the results of 804 analyses of cotton-seed meal gave 63 to 168, 85 
to 98, and 17 to 66, the variation in results being due to the wider dis¬ 
tribution of the cotton-seed indu-stry and consequent wider variations 
in .seed and in the method of mill operation. Cotton-seed meal or cake 
may not safely Ire fed to young calves and growing animals, and may 
never be fed alone without roughage.’ It does not possess the con- 
dimental qualities of linseed cake. The cotton-seed industry in the 
United States resembles the linseed industry abroad in the relatively 
low price of oil and high price of cake; and these conditions give rise 
to methods of operation re.serobling those of foreign linseed crushers, 
making the cake competition severe. A broadened domestic market 
for linseed cake may result as the irperation of cotton seed oil mills 
Irecomes adapted to higher yields of oil, or may follow any consider¬ 
able reduction in the price of flaxseed; no other conditions, apparently, 
can lead to a large domestic consumption of linseed cake. 

Compound cakes, composed of a mixture of ground cakes of various 
kinds adapted to the pioducturn of a balanced ration, heated and 
pressed into form, present many advantages from the standpoint of 

’ Experiraoit Station Bullrtin No. 11 of tbe United States Department of Agricul¬ 
ture ]dace8 linseed meal next to cotton-seed meal both in protein eontent and in protem 
plus fat. In fertilising value, the same buSetin ranks linseed meal at |ll).70 per too. 
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the feeder, who may thereby secure a cake of the exact form, texture, - 
weight, and composition desired. Tlieir production has been developed 
on an extensive scale in England, but not at all in this country, and* ■ 
the matter is at present of slight interest to the crusher. 

Certain established brands of linseed cake have become so popular 
among Continental buyers as to frequently command a premium, and 
even where they do not command a premium the advantage of having 
a prize brand is very great, e^)ecially at times when there is little 
demand for cake. Some of the requisites of popularity for linseed 
cake are given in Chapter VIII, page 120. 

The analysis of feeding rakes consists in the determination of moi.sture, 
oil, ash, and protein. The following methods apply: 

MtAttuff. — Hrat a fiample for three houm in an cvujioraduK dish placed in an 
oven or bath luring a tempanture of about iiS dt^rees F. The loss in weight is 
moisture. 

OU. — The ordinaiy “cake test” is made, as described on page 126. Dry meal 
remaining from the moisture test should be used as a sample. 

Ath. — A sample is burned on a porcelain dish. The residue is ash. 

Proiein. — This detennination rerjuires a considerable dr^pce of skill and experini^ 
The Kjeldahl method is commonly used. As described by Olsen,^ this consists in 
digesting ti^ sample with sulphuric acid, distillii^ the ammouia thus produced, and 



determining the nitrogen by means of standard sulphuric acid. Fig. 59 shows tiie 
digestion flasks; Fig. 60, the same fltuikM ready for distillatioa. One gram oi the finely 
powdered cake is placed in the digestion fiask, 1 pm of metallic mercury ta about 0.7 
gram (rf mercuiac oxide is added, and 25 c.o. of a solution oi 200 grams of phosphor¬ 
ous pentoxide in 1 liter of cmcentrated sulphuric add (sp. gr. 1.84). After digesting 
and transferring the add to the distillatimi flask (unless the digestion flask itsdf is of 
sufficient size), there are added 200 c.c. water, and the mercury is predphat^ by 
adding 25 c.c. of a solution of 40 grams of potassium sulphide in 1 liter of water. The 
acid is thm neutralised hy the addition of a saturated solution of caustic soda, ot whidr 
* QuanHtatiw Chmieal Analyau, i. C. Olsen. D. Van Nostrand Company. 
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«• about 50 C.C. will be required. After the addition of a few grains of granulated zinc the 

N 

ammonia is distUled into the sulphuric acid, of which 50 c.c. uf ~ add ^ is usually ample. 


• ... . N N . . 

The excess of add u titrated bade witii ~ or ^ alkali.^ (Wilfarth’s modification of 

Kjddahl’s method.) Hie nitrogen found is calculated as protein by multiplying 
the nitrogen factor 6.ti5. 



Fiu. 00. — Distillation or Nitrogen Extract. 


The percentage of fiber is occasionaJly determined, though not 
usually. The carlxihydrates are ordinarily estimated by difference. 

Foreign buyers uauaUy determine the percentage of ash in the cake, 
and also make an extraction ■with boiling water, noting color, taste, and 
smell of the extract, the presence of starch (detected by an iodine 
solution), etc. A sample is also treated successively wth nitric acid 
and sodic hydrate, and the residue subjected to microscopic exami¬ 
nation. Impurities in the origin^ sample are also detected by the 
microscope. 

* Olsen, op. «(., p. 261. 

* Olsen, op. at., p. 266. These standard solutimis may be purrhased, ready for use, 

bom the supply bouses. 




CHAPTER XXI. 

MISCEI.U4NEOUS SGKD OILS. 

Mmor expressed oils. SaponiHed red, castor, sesame, olive, hemp, walnut, poppy,.palm, 
essential oils.—Peanut oil.—Sunflower oil.—The sunflower plant—The cake.— 
Yields.—Composithm of sunflower seed.—Mustard oil.—Copra.—The copra indus¬ 
try. —CocoanutHjil products.—^Preparation irf crqjra.—Rape oil.—Production of seed. 
—The cake.—Economic importance of these oils. 

The expression of oils from other .seeds is generally rondueted by 
tnaehbcry and methods similar to those which have Iteen desrrilted. 
It is not eustomary in this country for a manufacturer to produce more 
than one seed oil, however, in spite of the similarity of operation and of 
tite further fact that the total (not active) expressing equipment of the 
country conaiderahly exceeds in capacity any possible output that 
the market can take care of. The mechanical phases of .seed crushing, 
as has already been sugge-sted, are of relatively mmor Importance. 
The important points are the obtaming of the maximum yield (which 
requires s|)eciai experience with each seed) and the commemal oper¬ 
ation of the business. 

Among the less important oils, derived from seeds or otherwise, 
which are obtained by expression, the following may lx; mentioned. 

S-CPONiFiED Red Oil. — This is obtained as a by-pmduc-t in the 
preparation tf candle fats. It requires special machineiy and a 
refrigerated room. 

Castob Oil. — Requires tsro pressings. The oil from the second 
pressing is used a.s a lubricant. The cake is ail ground and used as a 
fuel or fertilizer. The castor bean is successfully grown in California, 
but is generally imported from British India. A report of the United 
States Department of Agriculture (C. W. Daugherty, 1905) discusses 
the commercial possibilities. There are several crushing establish¬ 
ments in this country. 

Sesame On.. — The sesame seed contains more than SO per cent 
of oil, and is usually given three pressings, the first producing a high- 
grade talile oil. and the last two, soap stock. The seeds are brought 
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from India and the Levant, and the oil ia veiy cheap. A large amount 
of the oil is brought to the United States from Marseilles. 

Olive Oil. — This is invariably pressed where the olives grow.* 

Hemp. — The plant grows m North America. The cake has little 
value. The oil is used for dark, inferior paints and varnishes and for 
soap. Its properties have been studied by Lewkowitsch. 

Walnut Oil. — This is given two pressings, the first making a 
high-grade table oil. The second-pressed oil has superior drying 
properties, and makes a brilliant lamp oil. 

Poppy Oil. — Is pven two pressings. A drying oil. Used for soap. 

Palm Oil. — The palm nuts are deprived of the outer skin and 
hard shell, and then contain from 49 to Si per cent of oil. Two press¬ 
ings, or a combination process of pressure and extraction, are used. 
On account of the high color, palm oil is used for mixing with oleo¬ 
margarine, being first thinned with cotton-seed oil. 

Essential Onn. — The prinripal of these is the oil of bitter 
almonds, for which peach-kernel oil and apricot-kernel oil are sub¬ 
stitutes. The consumption is very small. 

The extraction of oil from com germs has already been referred to. 
The gingelly and niger seed oils arc of some importance. The latter is 
comsidcred edible in parts of Asia. It is imported into the United States 
under a 2,5 per cent duty. Oil of nutmeg is occasionally met with; and 
an oil of minor commereial importance has been extracted from the 
Jerusalem oak or common “ jimson weed.” An oil extracted from the 
pine has been used as a substitute for turpoitine. Lewkowitsch gives 
the principal characteristics of lallemantia, walnut, poppy, niger, fir, 
madia, and various less important expressed oib. Most of fiiese require 
two or more pressings, and in order to obtain an extremely clear oil from 
the first pressing a press of the “cage” type shown in Fig. 81a is 
commonly used. 

Mice oil is made from the bran of the rice kernel, which contains about 
15 per cent of oil. It is a green semi-solid body of high amd value. The 
specific gravity at 99 degrees is from .8907 to .9075. It melts at 24 
degrees, and has a saponification value from 189.3 to 193.5 and a 
Reicbert-Meissl value of 1.1. It is suitable (or making soaps or candles, 
but is low in neutral glycerides and therefore yields little glycerine. 

Beechnut oil is an edible oil derived from the nuts of the beech tree. 

‘ See paper by R. I. Gate, in the 03, PairU, and Drug Beporter, Not. 11,1907. 
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These cont^ 67 per rat of kernel, which shows from 88 to 43 per cent 
of oil. Decortication is not necessary. The oil may he expressed cold 
or hot, the maximum yield l)eing almut 400 kilos of oil per acre of 
trees. It is not a drying oil. Its .specific gravity is .9885. It freezes 
at 17 degrees C., and keeps well. The hot-pressed oil may he used for 
white soaps or for lightmg. The cake is poisonous to cattle, on account 
of the alkabid “fagine,” which exists in botli kernel and shell. 



Pio. 61 a. — Caoc Peess. 


Wild-almond oil is used as a salad oil in India. The trees produce 
500 pounds of dry kemeLs per acre, yielding 50 per rat of oil. There 
is no extended market for this oil, which keeps well and may be crushed 
with or without the shell. 

Pumpkin-need oil, of a reddish green color) not easily bleached, and is 
occasionally used as an edible or prescrvati.vc oil. The shell contains 
77 per rat of meat, which yields 48 per rat of oik The iodine number 
ranges from 116.5 to 180.5. The cake contains 88 per cent of protein. 

China wood oil has been discussed in Chapter XVI. Six remaining 
oils are of especial importance. 
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Peanot Oil. —An actual yield of from SB to 39 per cent of 08 is 
obtainable from peanuts. They are usuaUy expressed in France. It is 
stated that a price of cents per pound of shelled kernels may be real¬ 
ized by the American grower. The oil is worth from .8 to .4 franc per 
kilo. It rapidly becomes rancid. The kernel of the American nut is 
high in moisture. This makes it difficult to grind and damages the press 
mats. The shrinkage in production, due to the difference in moisture of 
seed and cake, is usually about i per cent. The seed is given two 
pressings. To faciUtate grinding American nuts arc sometimes mixed 
with the dryer Coromandel kernels. Kernels from the Orient are fre¬ 
quently received water-soaked or otherwise adulterated. The nuts are 
passed through an ordinary cleaner, then ground and pressed without 
heating. A single pressing, lasting about forty minutes, may be given. 
This, however, produces an inferior oil, suitable only for soap stock, luid 
a cake showing 10 per cent of oil, the method tieing regarded, generally, 
as less profitable than double pressing. With such double presang, the 
first run of oil is suitable for use as a salad dressing. The second run 
gives an equal quantity of 08 , available for soap making. The cake is 
used for feeding milk cattle and hogs. In the Marseilles market the 
price of the oil is msually slightly higher than that of sesame oil. The 
center of the peanut trade in the United States is at Norfolk, Va., where 
enormous quantities are marketed annually, largely for export. There 
arc a few jreanut-oil mills in this country, operated generally by manu¬ 
facturers of peanut candy. 

Sunflower Oil. — The expression of 08 from the sunflower seed 
is descrilred in Bulletin No. 60 of the United States Department of Agri¬ 
culture, “The Sunflower Plant,” by Harvey W'. Wiley. The status 
of the indastry in Russia is shown in United States Consular Reports 
No. 137, February, 1892, p, 233—report of Consul John Crawford of 
St, Petersburg, entitlerl "The Sunflower Industry of Ruasia.” 

There is no mill in this country devoted to the manufacture of oil from 
sunflower seeds. 

The wild sunflower, Helkidliut annuus, from which the cultivated 
variety has been developed, is native in the Grreat Plains region from 
Nebraska to Northern Mexico. In Rusria, the sunflower seed haa 
become almost a staple article of diet. It is eaten raw or roasted as 
peanuts are in America, but much more extensively. 

The oil cake left after the extraction of the oil by pressure is extremely 
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rich in nitrogenous matter, has a high food value, and it is extremely 
palatable. It is eaten by cattle with avidity. 

The production of .seed in Russia is at pre.sent estimated at 228,000,000 
pounds annually. The sunflower seed is also cultivated in immense 
quantities in Italy, India, Tartary, and China. The oil is competitive 
with peanut oil. The Russian seed is usually expressed on the spot 
W'here it is growing, and the oil is largely employed for adulterating olive 
oil. The purified oil is considered equal to olive and almond oil for 
talJe use. Tile chief in'dastrial uses are in woolen dressing, lighting, 
and candle and soap nuking. For the last mentioned purpose it is 
of .special value. It is pale yellow in color, thicker than hemp-seed 
oil and dries slowly. Its physical and chemical constants have been 
recorded by Lewkowitsch. 

An average yield of seed of from 1000 to ISOO pounds is obtain¬ 
able, the usual range being fmm 12.50 to 13.50 pounds per acre. 'Fhe 
price of seed in the United States is usually in the neighboihood of 
2 cents per pound. Sunflower seed, like cotton seed, is liable to fer¬ 
mentation and heating if .stored in bulk alter the outer husk has been 
removed. For this reason the seeds after separation should be kept in 
barrels or very small bins, and should evoi then l>e turned over two or 
three times a week. 

Experimental culture in France of the sunflower gave a return as 
high as 1778 pounds of seed to the acre, yielding 15 per cent of oil and 
80 per cent of cake. This percentage of oil is, of course, in the 
unhuUed seed. The excessive shrinkage is no doubt due to the high 
proportion of moisture in the .seed. 


COMl>OSIT10N OF Sl’NFLOWER SEED. 



a\ir-diy. 

. Dried. 

Water. 

Percent. 

U 68 

Per cent. 

Anh . . 

S 00 

S 43 

Atbumiiioids (N X 6.'25), .. 

1488 

18 19 

Cnwle fiber . ... ..... 

29 21 

33 45 

Nitrogen-free exlrart . .... .. 

18e71 

21.4,3 

Fat (raier extract). . . 

20 5i 

23 50 

Total. 

100.00 

100 00 


Ihe sunflower plant is one which rapidly exhausts the soil. 
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Mustard On- — This oil is sold largely as a substitute for rape 
oil. The imports of mustard seed (cultivated) have been increasing. 
The price Euctuates quite widely, lieing usually between * and 4 cents 
per pound. The cake is ground, and is used for medicinal purposes 
and for the table. It is a far more important product than the oil. The 
yellow German mustard seed makes the best mustard (i.e., ground cake), 
which may show as high as 35 per rent of oil. For plaster mustard, the 
Trieste or brown German seed is used. The following results were 
noted by the writer in working 35,031 punds of ordinary (American) 
wild-mustard seed, containing about 6 pr cent of impurities, in a 
lin.seed-oil mill: 

This seed cost $31 per ton gross, or practically 59 cents for 56 punds, 
from which outputs were obtained as below: 

Net weight of cake, 35,961 punds, or a yield of 41.53 pr 56 punds 
of seed. 

Netweight of oil,9070 punds,or a yield of 14.51 pr 58 punds of seed. 

A test of the cake showed the presencf' of 5.65 pr cent of oil. 

Tliis seed was ground with rrdls in the ordinary way, except that it 
was fed very slowly. It was attempted to tempr the meal m the ordi¬ 
nary way, but no moisture could be used, as the wet meal would squeeze 
out when subjected to pressure. For the same reason, the meal would not 
stand a temprature of over 140 degrees while in the heater. The nearer 
eold and dry the meal is worked, the better is the result obtained. The 
pressing of mustard seed in linseed presses was found to be at least one- 
half more destructive on press cloths than flaxseed. The ctoths adhered 
to the cakes so firmly tliat some injury actsrmpanied the stripping. The 
pressure used was 3600 punds pr square inch. The best treatment 
would undoubtedly include two presangs, the cold-pressed oil being 
made first. 

Copra. —The dried meats of the cwcoanut are rich in a highly 
valuable oil which is rapidly becoming of commercial imprtance. These 
meats are known as orpra or ooprah, and the rcsulfing oil is cocoanut oil. 
Cocoa butter is not deriverl from copra or the cocoanut, but is a product 
of the cocoa bean. 

The United Stales imprt duties arc as follows; 


■ Copra (dried cocoanut meats).. . . Free 

Copra (desiccated, shredded, ciit, or aiinilarly prepared) ... «c. per Ib. 

Comanut ml (as oil of nuts) . Free 

Cocoanuts in the slie!l .Free 
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The duty of 2 rents per pound on prepared cocoanuts is subject to a 
discount of 80 per cent, maldnj' the net duty 1.8 cents per pound. The 
imports of cocoa butter pay a duty of 3^ cents per pound. While the 
increasing markets for coroanut-oil products have resulted in a recent 
large increase in importation of this oil, even this fast increase has been 
insufBcicnt to keej> up the supply. The imjiort of cocoa butter has 
similarly increased. Cocoa butter, strictly so railed, derived from 
tlie isicsia bean, is frequently imitated by cocoanut butter, a eon- 
dense<l form of the cocoanut oil, blended, usually, with animal fats. 
In addition to the heavy imports of cocoanut oil, a considerable 
amount of ts)pra is im]M)Tte<l. Generally sjwaking, the importation 
of copra is profitable only on the Pacific coast, it Iwing cheajier, in the 
neighborhood i;f New York, to import the oil.' Tlic world’s .supply of 
copra is derived from the Philippines, Tahiti, Java, Samoa, the Dutch 
colonics in the Indian Ocean, and, to a slight extent, ln)m Cuba. Tlie 
exiMirtation from Cuba has lafn deeliiiing. Burarsia is tlie Culian 
shipping point. The importations of the oil are brought into this 
eountry in very long casks, called pipes, holding from 8000 to 3000 
pounds. Enormous quantities of copra are imported in Europe, prin¬ 
cipally by France and Holland. The princijial Eurn]a-an crushing 
jjoinl is Marseilles. I*rge exports of (S)coanut oil arc made from 
Marseilles to the United States. The average priw of (woanut oil in 
Marseilles is from .3 to .7 franc per kilo. 

The cocoanut (Cocos nucifera Linn) has been reare<l as far north as 
Indian River, Florida, latitude 88 degrees N., but has not proven a 
profitable commercial venture oustide the tropics. 

Accorduig to the reports of the American cx>n.sul at Marseilles, the 
conversion of cocoanut oil into dietetic compounds was undertaken in 
that rity in 1900 by Messrs. Rocca, Tassy & De Roux. 

“These articles are sow produced at a f?rosa price of 18 to 80 cents per kilo, shipped 
to Dutch traders, and at the added cost of a cent or two. repacked in tins branded 
'Dairy Rutter' and shipped to all parts of the world. Cocoanut oil was once used 
extensiwly iu the manufacture of fine candles. It is titill in occasional use ns a street 
illuminant, and when fresh is an exceptionally ({ood coaling fat. The medicinal ases of 
tlie nil are various. The exportation of copra from producing countries is detrimenta] to 
.the Iiest interests of tlie planter, tending to enrich the manufacturer and impoverish the 
grower. The causes which favor tlie exportation of copra rather than the oil from the 
Hiilippines are: 

' There are two cocoanut-oil mills on the Pacific coast and one in Philadelphia. 
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. '‘First. — cMt <A oil imUing plants. 

Second. High cost of packages and difficulty of getting them returned. 

Hurd. — Lad( of good roads, making shipment of the expensive. 

* Fourth. ~ Absence of a market for the rake. 

"The cocoanuts ore first stripped of their fibrous husks and shells, and the meats are 
then heated in the sun or by means of a fire. These dried meats are the copra, rndy for 
snipping abroad to the crusher, or for local expression. Hasping ami grinding machinery 
of many patterns mid makes, for reducing the meat to a pu^, is used in India, C^lon, and 
China. In the Hiilipfunra, whra the oil is to be expressed locally, the fleshy halves of the 
meat ue hrid by hand against a rapidly revolving. halfHspherical knife blade which scrapes 
and shaves the flesh down to a fine d^ree of comminntiun. llie resulting mass is then 
macerated in a Uttie wata and placed in bags and subjected to pressure, and the milky 
juice whidi flows therefrom is collected in receivers placed below. This is now drawn 
into boilers and cooked until the clear is concentrated upon the surface.* The oil is 
then skimmed off and is ready for market. Not less than 10 per cent of the oil goes to loss 
in Uie press cake, which makes an acceptable stock food. 

"The freshly ground coemnut fruit contains 35.4 per cent of oil. The amount of 
cellulose (fibrous matter) is only 3 per cent, and it is readily digestible when the mass, by 
g'ating, is reduced to a fine degree of comminution. 

"The average market ^ue of the best grades of cn|>ra in the Marscdlles mu'ket is 
$54.40, gold, per English ton. The jobbii^ value of the refined products may lie roughly 
estimated for each ton of copra: 

Butter fats. eOO.OO 

Residual soap . fll.00 

IVess cake. 5.S0 

Total... 

Many valuable data may he derived from the exhaustive pamphlet 
by W. L. Lyon on ‘‘^JTie Cocoanut” (Manila, 1903), published as 
Bulletin No. 8 of the United States Depart¬ 
ment of Agriculture. 

Fig. 61 represents the “disintegrator” ^ ** 

used for rasping and grinding the copra. 

The grinding is done by percussion. The 
material is fed m at the periphery of the 
grinding chamber and, falling on the extrem¬ 
ity of the beaters, which travel at a speed 
of about 15,000 feet per mmute, is pulverized 
by them, or by being beaten against the 
serrated chilled-iron linings of the upper h^ 

of the chamber, or the steel bars of the screens which form the lower 
half/ Although the beaters are at a distance of about one inch from 

* The r^udly becesues randd, and must not be exposed to ttie air. Tests for purity 
we described in La Corpa Ofaa Induatrida, 1905. 
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the case, the material is ground, by impact only, to an impalpable 
powder. The machine has a capacity of 2800 pounds per hour, and 
weighs 9000 pounds. Smaller sizes are also built. A very similar 
machine has been found to be best adapted for the grinding of linseed 
cake. Another ingenious machine cuts through the husk, shell, and 
kernel of the coeoanut, just as gathered, at one operation. This is 
known as the “splitter.” It greatly facilitates the removal of the copra 
from the husk and shell. 

Rapb-bbei) On,. — Rape .seed, or colza, or ravison, is imported into 
the United States duty free.* There is a tariff of ten CMits per gallon 
on the oil. The con.sumptiun of the oil in Kurope is considerable, 
ranking imtil retently next to linseed. It is used f(>r a great variety 
of purposes, as an illuminant, for soap making, etc., but in this eomitiy 
its consumption is limited to the eom[K)unding of high-grade lubricat¬ 
ing oils, 'rhe United States imports annually .sufficient amounts of 
tile seed and of the oil (mostly the latter) to justify the erection of a 
large mill. There would be a considerable profit in crushing the seed 
in this country so long as the pre.sent tariff on the oil continues. At 
pre.sent writing the seed is quoted at S2s. 7^ per quarter (416 pounds) 
c.i.f. Antwerp. This is equivalent to 81.06 per bushel of 56 pounds. 
Adding four cents per bushel for freight, etc., the seed would net 81.10 
f.o.h. New Yoric. The oil is quoted at £22-5-0 per ton, equivalent to 
$.0481 per pound. Adding to this the duty, 8.UI25, and the freight, 
$.0025, the oil, f.o.b. New York, is wortli 8.06S1 per pound at a price of 
81.10 per 56 pounds for seed. If the cake nets 820 with a working cost 
of 25 cents and a 19-pound yield of oil, the oil will cost per pound 
8.0511, making a differmce between this figure and the cost of the 
oil import^ of 8 0120. If cake must be sold for 815 the margin will 
be 8.0071. 

Rape seed is produced principally in Russia and British India; to 
some extent also along the Umiube River and in France. The non- 
produeers in the crushing countries obtain a large portion of their 
supplies from India. The Indian rape-seed crop ranks next in impor¬ 
tance to that of linseed. There are many grades of seed, differing in price 
and correspondingly in perc«itage of oil. Most of the world’s crop 
of rape seed is shipped to Germany. The united consumption of 
France, England, and Holland, each cf which countries takes about the 
* Prior to IBSl there was a duty of caie-quarter cent per pound on the seed. 
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same quantity, is less than that of Genntmy. The seed is usually 
.shipped in bags holding about 100 Idk)S, and the terms of sale are those 
of the Ijverpool i per cent sound delivery contract. (See p. *12.) 

A considerable amount of the seed is used for other purpses than 
for oil expression. Various samples of rap seed, tested for preentage 
of oil, show much greater variations than flaxseed. One sample 
gave 44 pr cent, another sample 30 pr cent. A sample of domestic 
wild rap seed tested 83.6 pr cent.* 


Seed. 

Price per Qr 

Per cent ot 
Oil. 

Brown Calcutta 

30' 

43 3 

Brown Cuaniiore 

31/ 

43 8 

FeroiHp(»u‘ 

31/ 

44 0 

Yellow Onwniiorti 

333 

44 0 

Yellow Ouserat 

33 0 

44 1 


In a trial run on imprtr-d German seed, while the quantity was so 
small that a fair yield was not obtained, the oil was of good quaUty, 
and when subsequently treated by blowing was pronounced satis¬ 
factory for the compunding of lubricating nils. The only novel 
feature observed in working the .seed was that the proprtion of super¬ 
ficial moisture was so great that the material had to be run dry in the 
heaters.* 

The cake produced from rap .seed is not ppular as a feeding 
material, and is practically all used as fertilizer. TTie London price is 
usually in the neighborhood of 815 pr ton. 

The blown rap nil produced in the expriments referred to had an 
average specific gravity at 60 degrees F. of .968. A sample of imprted 
blown rap had a specific gravity of .873. 

There is very little, if any, domestic wild rap .seed sold as such 
on any of the seed markets of this country. What we call wild mustard 
is frequently referred to as rap seed. One could not secure enough 
genuine rap seed in the market to make it worth while to do any¬ 
thing with it, but wild mustard seed ran be obtained in abundance. 
In a single season 100 carloads have Ireen sold in the Minneaplis 
market. All of the mustard seed produced in tins country contuns a 
large prtion of rap seed proper, but the two are rwt separated. The 

' Tats nude in July, 1904, on various gnda of East Indian rape seed. 

’ Two successive pressings, the first on cold seed, wouid have been better. This is the 
practice of German enuhera. 
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size and color of the two seeds are almost identical. Mustard and rape 
seed each contain aliout »S per cent of oil. 'fhere is scarcely a suf¬ 
ficient quantity of pure rape seed produced m this country to supply 
the demand for birdseed.. 

Efforts have been made, repeatedly, in this country to manufacture 
rape oil; but they have always failed, first, on account of the difficulty 
of disposinj; of the cake or meal, and second, l)erausc of the fact that 
the supply of seed is monopolized by English manufacturers. It is 
claimed that only East India seed will give an oil having the necessary 
pn)perties. and that an oil made from other .seed would U- unsatis¬ 
factory for lubricants. A portion of the duty on rape oil is relmted as 
a drawliack on export shipments of lubricating nils. 

The United States is deferring, if not missing, an opportunity for 
increasing its productiveness l)y reason of the scanty attention given 
thes*- oils. ()f those mentioned, the walnut, poppy, gingelly, niger, 
and various essential oils arc perhaps of minor importance: while the 
olive, palm, and saponifiisl red oils require special treatment or special 
location which remove them from the scojk? of this review. Olive oil, 
however, should lie produced advantageously in California in greater 
quantities than at present. In castor and mustard oils we arc perhaps 
fairly active. With hemp, sunflower, .sesame, and peanut oils we are 
doing practically nothing. The last named we certainly should pro¬ 
duce. rather than export the kernels, as we now do, probably import¬ 
ing tlieir product later on as olive oil. These oils, with that from copra, 
are particularly desirable for the production of high-grade soap stocks, 
as well as for healthful table oils. On our Pacific coast the cocoanut- 
oil ittdu.stry .should be much more important than at present, while 
in the Ea.st the extraction of peanut oil should Ire profitable. Our 
most (smspicuous failure is in the importation of rape oil. This we 
could and .slwuld produce on equal terms with the foreign crusher, 
and particulmly with a 10-eent duty on imported oil in our favor. 

The general neglect of the miscellaneous seed oils contrasts strongly 
with the itmnmse development of the cothm-oil industry, described in 
the following chapter. 



CHAPTER XXn. 

THE COTTON-^EED INUUSTRY. 

The mdiMby.—Process of preparing the seed.—Cleaning.—Pulling.—Crushing.—The oD. 
—Refining.—The cake.—Meal —Coat analyais.—Products from one ton of seed.- 
Purchase of seed.-Europewi ptadicc.—Hulls.—Plans of typical mills. 


The tuanufactun- of cotton-iieed oil differs in .some respects from 
that of linseed products. 'Phe cotton-oil industry in the United States 
is a large one, twice as large as that in linseed. The underlying 
principles of operation are in some respeets different, as has already 
l)cen intimated (page 91. The pre.sent brief reference to some of the 
more marked differences may well be supplemented by reference to the 
work of l*ml»m,* as well as to the paper “Cotton Seed and Its 
Ifroducts ” publislied as Bulletin No. 36 of the United States Depart¬ 
ment of Agriculture. From these publications the writer has selected 
freely. 

The cotton, after being harvested, is ginned to separate the fiber 
from the seed, in that “cotton gm” which is essentially associated with 
the industrial development of the South. The fil)er is baled and sold 
to the cotton merchants, while the separated seed begins its interesting 
career. It is shipped to near-by oil mills, where it is carefully stored 
in dry, cool bins m the “seed house.” Ihe first operation is that of 
screening, performed by a machine of the type shown in Fig. 62. This 
consists of a large frame box, m the interior of which is a hollow 
cylinder covered with wire cloth or perforated sheet steel, the open¬ 
ings in which are too small to permit the passage of the seed but suf¬ 
ficiently large to allow foreign materials such as dirt and sand to fall 
through. From the end of the sand screen the seed drops into a rapidfy 
vibrating shaker, across which it is blown, while any large heavy sub¬ 
stances, like nuls, stones, etc., drop down through an opening pro¬ 
vided for that purpose. One form of shaker or cleaner is shown in 


* CMm Seed PndateU. D. Van Nostrsnd Company. 
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Fig. 63. A combination reel cleaner and .shaker is sometimes usede 
Magnets are oecasionally employed for removing metallic particles. 

After cleaning, the seed passes to the linter, which removes the par-' 
tides of adheiing fiber, sometimes amounting to 22 pounds per ton of 




Fio. 68. — Improved Sand and Bou, 
Screen. (W. P. Csllaban & Co.) 


Rg. 63. — Buckeo: Cotton-heed 
Cl/BANEE. 



Eia. 64. — Callahan Cotton-seed Ijnteb. 


seed, whidi are sold for eotton batting. The linters (Kg. 64) are 
simply close cutting gins. The extracted fiber (also called “linters”) 
is delivered to a baling press, while the seed passes to the huller, other- 
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, wise known as the “decorticator,” or “sheller.” Fig. 61 shows one form 
of huller (an English machine), containing a revolving disk on which are 
> set a number of radiating knives, which must be constantl^r kept sharp. 

Fig. 6.5 represents an American huller, containing a rotating cylinder 
with longitudinal knives. The seeds are cut open by the knives, and 
pass from the machine as a mixture of hulls mid kernels. The 
two mu.st then lie separated by screenmg. In Fig. 6S the screen is 
mounted directly under the huller; 
in other eases it is a separate 
machine. Cotton seed is occasion¬ 
ally crushed without hulling, or 
“undccorticated.” The cake thus 
produced is estimated to have only 
one-fifth the value of cake from 
hulled seeil. 

The hulls are carried away and 
sold. They wen“ formerly used as 
fuel, but at the present time can be 
sold for feed at a higher price than 
is represented by their fuel value. 

The kernels or “meats” must lie 
treated almost immediately after hull¬ 
ing to avoid their .spoiling. Ordi¬ 
narily they pass directly from the huller screen to the crushing rolls. 
The rolls are similar to those u.sed for linseed, but the feeding arrange¬ 
ment is different. The feed hoppers are usually of iron, with wooden 
extensions upward to increase the capacity for holding meats. Crush¬ 
ing opens the oil cells of the meats and prepares them for the cooker. 
The cookers, or heaters, are usually one-high (sometimes two-high), 
with open tops. The cooked meal is not discharged diretttiy to the 
former, as in linseed practice, but to a receiving heater, winch keeps 
the meal warm until wanted. Kg. 66 shows a usual arrangement, 
with the former mounted under the receiving heater. The molding 
of the rakes and filling of the presses are conducted as in a linseed mill, 
camel’s-hair press ctoth being commonly employed. The box type of 
press is invariably used,* with two hydraulic pressures, about the same 

' Bmss boxes are generall; preferred to those of steel. The; are said to impart a 
lighter color to the oil. 



Ro. 65. — BufstinrE Huij-bh anb 
IluLLEH Shaker. 
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in intensity as those employed for Imseed. The expressed oil is filtered' 
and stored fike linseed oil. The eakes are usually ground. 

He oil is a staple article of commerce, and is sold under uniform' 
established rules and gradings on the New York Produce Exchange. 

The decorticated uplmid cotton seed yields an odorless, dark 
brownish-green oil, having a speeifle gravity varying from 0.92 to 0.98. 
After being treated with alkaline solutions, a clear, yellow oil, which 
is odorless and of pleasant taste, is racked off. The residue is suitable 
for soap stock. 'The refined oil boils at about 600 degrees F. and 



En. S6. — Caixaiu!i IIeatebs tob ConoN^Em 

congeals at about 60 degrees for summer-pressed and 32 degrees for 
winte^pressed oil. American seed yields a clearer oil than the 
Egyptian or Indian seed, and the upland seed produces a clearer oil 
than that from the seacoast. The oil made in Great Britain is not as 
dear as outs, because the seed is mostly Egyptian or Indian, and has 
not been decorticated. Nine-tenths of tke oil annually produced in 
the United States enters into the compodtion of food products, prin- 
dpally lard substitutes and salad and cooking oils. He total oil 
production is steadily increasing, and an incieasmg amount is being 
retained for home consumption. 

Li the process of refining, the impurities in suspension are'usually 
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.allowed to settle, and the clear supernatant oil is drawn off. To the 
latter from 10 to IS per cent of caustic soda (10 degrees to 28 degrees 
• Bsum6), according to ttie nature of the oil, is added, and the mixture 
agitated at a temperature of 100 to 110 degrees F. for 45 minutes, the 
precipitate being allowed to settle from 8 to 36 hours. The residues 
ohtiuned are disposed of as soap stock, etc. The yellow oil resulting 
from this proce-ss is further purified by being heated and allowed to 
settle again, or by filtration, and is called summer yellow oil. Winter 
yellow oil is made from the above material by chilling it until it par¬ 
tially cry.stallizcs, and then separating the stearin formed (about 25 
per cent) in presses .similar to those used tor lard. For the prepara¬ 
tion of the white oil of commerce the yellow oil obtamed as above is 
shaken up with 2 to 3 per rent of fuller’s earth and filtered. 

Cotton oil cake is bright yellow in color, with a sweet, nutty flavor, 
but it U-comes discolored and deteriorates with age. This is also 
true of the meal. Cotton-seed meal is the richest of all foods in 
protein, so rich that it is unfit for feedmg without modification. 'The 
following shows the usual range of composition: 


FOOD CONSni'lIENTS OF CafTON-SEED MEAL. 
Fretth, air-dry maierwL 



, Water. 

Aah. 



B 

Fat. 


Rjt cent. 

Per cent 

Percent. ! 

Per cent. 

Rt cent. 

Pct cent. 

Minimum. 

R 20 

1.7* 

23 *7 i 

1 88 

6.13 

2.18 

Maximum. ' 

18 5i 

10 62 

s« 88 

16.15 

38 68 

20.66 

Average..... 

8 5% 

7 0* 

43 26 

5.44 

22 31 

1S.45 


Cotton-seed meal is extensively used as a fertilizer. Its value for this 
purpose, based on analysis, is from $20 to $25 per ton. At times the 
market price is below tiie technical value. The meal is frequently 
adulterated with ground hulls. These sometimes pve the meal a 
dark color. 

Before the developmait of the cotton-oil industry an average price 
for the seed was $6.00 per ton. The presort average value is about 
$16.00 per ton. The aimual increase in natural wealth due to this 
difference is over $50,000,000. Iliere are annually expended $8,000,000 
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for tlie transportation of the seed and its products. From one ton of , 
seed there are produced, on the average — 


.19 fiallons of <7ude oil at S0| ('entff . .. . $11.89 

780 poirndfl d meal at $%0 per tun. 7.30 

91S puundii of huIlM at $3.50 per ton. 1.60 

27 poumU of iinters at 3 eents. ^ 

Total .... . .... . mM 

I«» eoRt of manufarturinK. . $ 4.00 

and cost of xfsl , , . ... 15.7.1 19.75 

Profit . . 


The familiar Grimshaw chart, reproduced as Fig. G8, iUustrate.s tlie 
productive pos!<ibilities of the seed. Thi.s was first publi.shed some 
years ago, when the yield of oil usually obtained was somewhat less 
than at present. 


COTTON SEED, 2.000 LBS. 



Cotton seed is graded as “prime” or “off." Prime seed must be 
clean, dry, and sound, free from dirt, thresh, and bolls. There is i» 
primary market, and no general established system for inspection and 
grading. Seed purchase was formerly a matter of private contract 
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. between grower and mill owner, but this condition has been improved 
b^ the standard rules governing transactions in cotton seed and its 
• products adopted by flie Interstate Cotton Seed Crushers’ Association, 
May 18, 1905. He crop makes very li^t demand upon the fertility 
of the soil. No other staple crop is as satisfactory in this respect. 
When the pressed meal from the seed is returned to the soil by way of 
the intestinal tract of the grower’s live stock, the actual loss per acre 
for a crop of 300 tons of lint is estimated not to exceed one-half pound of 
phosphoric acid, 1J pounds of potash, and IJ pounds of nitrogen. The 
refu-sc after picking cotton amounts to about 850 pounds per acre. 
'This is usually .stripped bare by live stock which is turned into the 
fields after the harvest. A proee.ss has lieen patented, however, 
for utilising the .stems for the preparation of filler tor cotton bagging. 
Five tons of stalks are said to produce one ton of bark, yielding 1500 
pounds of fiber. The bark of the roots (gmaypii radieia cortex U. 8. P.) 
contains a medicinal principle similar in its properties to ergot. A 
crude method of purchasing seed which prevails in some sections con¬ 
sists in exchanging meal for seed at the rate of 800 pounds of meal to 
one ton of .seed. This practically amounts to giving liack to the grower 
the meal produced from his seed; but in most cases he would do better 
to sell seed and buy meal. 

England is the only European country having a considerable industry 
in cotton-seed products, and its annual production is a small fraction 
of that of this country, while the rombined trade of France and 
Germany is a similar .small fraction of the English trade. Most of the 
seed is brought to Eurojie with the lint adhering — a practice which is 
rendered practicable only by the low cost of water transportation. 
The seed before delinting, air dried, shows about 10 parts of water, 
5 of ash, of protein, iS of fiber, 20 of fat, and 22 of nitrogen-free 
extract, in 100. 'The lomposition is, however, quite variable. 

The hulls of the cotton seed, air dried, show in 100 parts, 11 of 
water, 3 of ash, 4 of protein, 45 of fil)er, 2 of fat, and 36 of nitrogen- 
free extract. They are a cheap and satisfactory substitute for hay, 
but are so bulky as to require excessive storage room. They are h'able 
to heat if kept in bulk. The ashes of the hulls are of especial value for 
fertilizing soils for growing tobacco, their average composition in 
per cent being, water 9, phosphoric acid 9, potash 23, lime 9, mag¬ 
nesia 10, and carbonic acid 11. 
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Fig. 70 represents a cotton seed oil mill of 60 tons daily capacity. 
Fig. 71 shows a plan for a well-arranged 80-ton mill.' The seed enters 
at the lower left-hand comer, passes through the sand and boll reel 
and seed cleaner, and is tlien carried to the linters. The location of 
the grinding machine for the iinter saws is indicated, as is that of the 
lint press, or lialing press for tiie hnters. The seed is next delivered 
to the pulling and separating room, from which the meats arc carried 
(through the intervening hydraulic department) to the rolls, heaters, 
former, and presses. The sewing machine for press cloths is located 
in the press room. Oil from the settling troughs passes to the oil- 
tank house, while the cakes from the presses go to the cake breaker 
and attrition mill. No refining is done. The buildings are one story, 
with a high basement for shafting. 

‘The (*otton oil milU are ^eraJly of moderate pa{ra>eify — aixty tons beiDj; the most 
common sixe. 'Hus is equivale&l to the avera^ lii-picas iuueed mill. 
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TABLE 1. 

COS'!' PER GALLON OP OIL F.O.B. MILLS, BASED ON YIELDS OF 19 
POUNDS OF OIL AND 37 POUNDS OF CAKE PER BUSHEL. 


(■(Ml dt Seed 


Vtdue of Cake |mt Ton erf ^KX) Pounds F.O.B. Mill. * 


Working Coftl 
per Buflhel. 

C17. 

«1R. 

$19 

$90 

$91 

«I 1C 

% 3338 

$ 3965 

$ SIBC 

C SUB 

$ 3046 

1 17 

3378 

3305 

3939 

3158 

am 

1 18 

.3417 

3344 

.3979 

.3108 

3194 

1 10 

3457 

3384 

.3311 

3937 

3163 

1 ^ 

3406 

.3493 

.3351 

3977 

.3908 

] 

3536 

3463 

3300 

3316 

8949 

1 99 

.3575 

3509 

3430 

.3356 

3989 

1 93 

3615 

3549 

3460 

3305 

3391 

1 84 

3654 

3581 

:1500 

3435 

3361 

1 9d 

3694 

.3091 

35-48 

»74 

3401 

1 96 

3733 

.3660 

3588 

S5U 

3440 

1 97 

3773 

3700 

3697 

3553 

3480 

1 9H 

.3819 

3739 

3667 

3593 

3519 

1 90 

3859 

3779 

3706 

3639 

.3559 

1 SO 

.3891 

3818 

3746 

3679 

3598 

1 31 

3031 

3858 

.3785 

3711 

3038 

1 39 

3970 

8897 

3895 

3751 

3677 

1 33 

4010 

3937 

3864 

.3700 

3717 

1 84 

4040 

3076 

3904 

3830 

.3756 

1.35 

4088 

4016 

.3943 

.3860 

3795 

1 36 

4198 

4055 

.3983 

3009 

3835 

1 37 

4167 

.4094 

.4099 

3048 

3874 

1 38 

1907 

4134 

.4069 

3088 

3914 

1 30 

.4946 

.4178 

4101 

4097 

3953 

1.40 

.4986 

.4913 

.4141 

.4067 

3093 

1 41 

43«J> 

.4959 

.4180 

.4106 

.4039 

1 49 

4365 

4999 

Am 

414C 

.4079 

1 43 

.44(4 

4331 

.4959 

.4ta4 

.4111 

1 44 

.4444 

.4371 

.4998 

.4994 

.4151 

1 45 

.4483 

.4410 

.4837 

.4263 

.4190 

1 46 

4523 

.4450 

«77 


4930 

1.47 

4.169 

.4480 

.4416 

.4349 

4969 

1 48 

.4609 

.4590 

4456 

.4389 

4309 

1.49 

4641 

.4568 

.4495 

4491 

.4345^ 

1 50 

4681 

.4608 

.4535 

.4461 

4388 
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lAJILK I— Continued. 

COST PER GALLON OF OIL F.O.B. MlUi, BASED ON YIELDS OF 1» 
POUNDS OF OIL AND 37 POUNDS OF CAKE PER BUSHEL. 


OwtoE Seed 
at Mill plu^ 
Working Coxt 
per Bushel, 

Value tft Cake per Ton of 2000 Pounds F.O.B. Mill. 

617 

61H 

1 

619 ; 

62(» 

iit2i 

$1..71 

6 4720 

t 4647 

6 4574 

( 4500 

» 4427 

1 5i 

4760 

.4687 

4614 

4540 

4467 

1.5S 

.4709 

4726 

4653 

4579 

4506 

1 54 

4839 

.4766 

4693 

4619 

4546 

1 55 

.4878 

4805 

4732 

4658 

4585 

1.56 

4918 

4845 

4772 

.4698 

4625 

1 57 

4957 

4884 

4811 

.4537 

4604 

1 58 

4997 

.4924 

4851 

.4777 

4704 

1 59 

.5036 

.4063 

48911 

4816 

4743 

1.60 

5076 

.5003 

4030 

.4856 

4783 

1 61 

.am 

.5042 

4969 

4895 

4822 

1 &i 

.5155 

5082 

am 

4935 

4862 

1 OS 

.5194 

5121 

5048 

4974 

4901 

1 64 

5234 

5161 

5078 

5014 

4941 

1 65 

.5273 

j .6200 

5127 

.5053 

4980 

1 66 

.5312 

.5240 

5167 

5093 

5019 

1 67 

5352 

.5279 ! 

5206 

5132 

5059 

1 68 

5391 

.5319 

.5246 

5172 

5098 

1 69 

5431 

.5358 

5285 

5211 

5138 

1 70 

5470 

5398 

5325 

5251 

5177 

1 71 

.5510 

5437 

5364 

5290 

5217 

1 72 

5549 

5472 

5404 

5329 1 

5256 

1.73 

5589 

5516 

5448 

5369 ' 

5296 

1.74 

.5628 

5555 

5482 

5408 

5335 

1.75 

.5667 

5594 

5521 

.5447 

5374 

1 76 

.5707 

.5634 

5561 

.5487 

5414 

1 77 

.5746 

5673 

5600 

5526 

5453 

1 78 

5786 

5713 

5640 

5566 

5493 

1 79 

.5825 

.5752 

5679 

5605 

5532 

1.80 

.5865 

.579* 

5719 

5645 

.557* 

1.81 

.5905 

.5831 

.5758 

5684 

.5611 

1 82 

.5944 

.5870 

5798 

5724 

..5651 

1 83 

.5983 

5909 

.5837 

5763 

.5690 

1 84 

.8022 

5948 

.5877 

.5803 

.5730 

1.86 

6061 

.5987 

.5916 

.5842 

.5769 
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TABLE I — Continued. 

COST PER GALLON OF OIL F.O.B. SOUE, BASED ON YIELffi OF 19 POUNDS 
OF OIL AND S7 POUNDS OP CAKE PER BUSHEL. 


Cost of Seed 
At Mill pirn 

Value of C^e per Ton of 2000 Pounds P.O.B. Mill. 

Working 





per Biisliet. 


$23 

944 

#45 

$1 16 

lit 2672 

$ 2900 

$ 2827 

$ 27.53 

1 17 

3012 

2939 

2866 

2792 

1 18 

:»)51 

2979 

2906 

2832 

1 1ft 

3(K»1 

3018 

2045 

2871 

1 ^ 

3130 

.3058 

2985 

2911 

1 

3170 

3097 

:1024 

.2950 

1 22 

32(m 

31.37 

:i064 

2990 

1 23 

3249 

3176 

3103 

3020 

1 24 

3288 

3216 

3143 

3069 

I 25 

3328 

3255 

3182 

31(M> 

1 26 

3367 

3205 

3222 

3148 

1 27 

3407 

3334 

3261 

3188 

1 28 

3446 

{1374 

asoi 

.3227 

1 28 


3413 

a340 


1 30 

a52.i 

3453 

dm 

3.306 

1 31 

356.1 

3492 

3419 

.3346 

1 32 


3532 

3459 

3385 

1 33 


3571 

3498 

3425 

1 34 

m-i 

3611 

3538 

3464 

1 35 

37*4 

3650 

.3577 

a503 

1 36 

3764 

3690 

3616 

.3343 

1 37 


3730 


3582 

1 38 

3841 

8770 

3696 

3622 

1 36 

3880 


3735 

3661 

1 40 

3020 

3849 

3775 

8701 


3959 

3887 

3815 

3740 


3999 

3627 

3855 

3780 

1 43 


.3966 

3804 

3819 

1.44 



3933 

3859 


4117 

4044 

3972 

3898 


4157 

.4084 

.4011 

.3928 


.4190 

4123 


.3977 


4236 

.4163 




4275 

.4202 

.4129 



4315 

.4242 

, .4169 

.4096 
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TABLE l — Conelvded. 

xsr PER GALLON OP OIL F.O.B. MILLS, BASED ON YIELDS OF 19 
POUNDS OF OIL AND S7 POUNDS OP CAKE PER BUSHEL. 





GLOSSARY 


OIL. Oil in tank cars or in the crusher’s tanks. 

Cake. The compressed seed meal left after the extracting of the oil. 

Cakf T»;aT. The percentage of oil in the cake. 

Candianq. The operaUon uf inq)ecting the rolls to ascertain whether the)' are in true 
cylindrical 8ha{>c; performed by looking along the line of omtact toward a candle held 
behind tlie stand. 

CiiANOES. ^aiae M Premngt. 

Clotu. (1) Filter cloth, used for clarif^ng oil in the filter press; (2) Press cloth, used 
for wrapiung the meal cake. 

Cold piiebbed. Linseed oil from unheated seed meal. 

CuuREB. ^aniQ an Kettle. 

Cooking. S^e as Teinpering. 

Crude. Cottun^seed oil direct from tiie presses. 

Ckurhino. Manufacturing linseed oil. 

Decxjktk ate. To sqmrate the hulls and meats of seed. 

Dkijnt. To remove lint fmm cotton seed. 

Dockage. Same as Sereefnttga. 

Fluid. Tlie liquid used in tlic hydraulic operative system. 

Foots. Matter in suspension or solution in linseed oil. 

Former. The machine in which the seed meal is compacted preliminary to placing it 
in tlie press. 

Galix^naoe. Ciqiarity in gallons. 

Gin. The machine whicli separates cotton seed from the fiber. 

Gkohs bi’mrel. fifty-six pounds of nominal flax seed, consisting of boUi the pure seed * 
and the screenings. 

High. Refers to the number of idls in a stand; thus 9-kigh means a stand contain¬ 
ing three rolls. 

Hull. The shell encasing the meat of a seed. 

Huiler. Same as SheUer. 

Impuritt. Same as 

KrTTiLE. The heater in which the seed meal u heated, mi^tened, and agitated. 

Leg. a grain elevator, induding belt, buckets, boot, and housing. 

Linbeed. Flax seed. 

Lint. The short fiber adhering to cothxi seed after ginnii^. 

Linter. (1) The machine whidh removes the short lint from the cotton seed. 
(f) (i^ural) the i»oduct thus removed. 

Liver. To become of a "cheesy** structure, as when augment and are imperfectly 
blended in a mixed paint 

Mat. The woven-hair covering usually used on the plates of the hydraulic press. 

806 
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GLOSSARY. 


Mk 4L, Roughly applied to ground flax need, dUier before or after tempering; also to 
ground cake. Frop^ly apeaking, gromd seed u fed from the rolls to heaters; teed meal 
is ddivered from the heaters; and oil med is produced by grinding cake. 

Meat. The hulled kernel of a seed. • 

Moldes. (1) Same as Farmer. (S) The workman who operates the former. 

Muller. One of the large grinding stones formerly used to crush seed. 

Net busbei.. Fifty-«ix pounds dl pure flux seed. 

Nitrogen-free mcniAcr. Carbohydrates, or the heating elements in feeding stuffs, 
not indudii^ the fibrous elements. 

Off. Cotton seed or cotton oil of iufeiior grade. . j 

Oil cake. Same as Cake. j 

Oil ukal. See Med. ’ 

Output. The daily capacity of a mill, expressed in bushds. 

Fan. Used fw carrying the cake fimn the forn^ to the press. 

Parcel. Any quantity of linseed oil constituting one sale or sliipment. 

Fiouent. a solid white or coloring material incorporated in a paint. 

Plate. (1) The unit of division in a filter press. (£) The fiat metal piece between ea^K 
two cakes in the hydniulu* press. 

Prime. Tltc best grade of cotton seed or of (^)tton-«eed ml. 
pREaaiNG. The chaining of a press with meal c^es. 

Prerrman. The workman who delivers the cake to the press. 

PROPVrmoN. I'be amount of product obtmued per bushel of seed crushed, in pounds. 
Raw. a term apjiiied to (m 1 which Ims not lieen chnnically or mechanically treated aRer 
its expression, otherwise than by filtration. 

ScRFiENiNGS. Any impurity contaiued in flux seed. 

Ke<'oni>-hand. Oil sold die second time, but not in the ordinary course of distribution 
from (he crusher to a small consumer. 

Seed. Blax seed. 

Shaker. The screen used for cleaning seed. 

SiiELLER. The machine which sqmrates seeds from thrir hulls. 

Siiiunkagb. The difference in weight Inrtween the seed and the oil and cake therefnxn. 
SoAKAGE. The absorption of oil by a barrel. 

Spot. Cash or immediate deliveiy, i.e.. “spot” seed is seed for immediate delivery; 

“future” seed bring fc^ delivny two, three, or four months hence, as the case may be. 
Stand. A series of cylindricad rolls placed verticslly, for crushing seed. 

Strip. To remove the press cloth from the cake. 

Shopper. (1) llie mui wim strips the cake. (2) A machine for strif^ng the cake. 
Summer. Summer-pressed oil, cotton-secd oil having a high freezing pc^t. 

SwEPJ*. The revolving arm inside the heater. 

SwEETMEATB. Ccmcentrated (»1, prepared by gradually heating. 

Tacky. A rubber-Iikc condition of paint nt sweetmeats, in which the drying is imperfect 
and the (xiat lacks hardness. 

Tankage. (1) The storage capacity of the mill. (£) Foots. (Rare.) 

Tsuperinq. The c^ieration performed in the heater. 

Tibt. (1) The percentage of impurities in the seed. (8) See Cake Uit. 

Tonnage. The daily capacity of a cotton-seed-oU mill, expressed in tons of seed crushed. 
Tower. In a grain elevator, the rievator proper, exclusive of horizontal conveyors and 
storage tanks. 

Trimmer. A machine for trimming the edges fran cake; also the man who (^)erate8 * 
the machine. 
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Tboihino. (1) Cleaning up seed Iran the hold of a vessel after the grain will no longer 
run itself to the boot. (2) Removing the soft edges of the cake. 

Trimmings. The Irimmed-off porUons of wi cake. 

Undscobucated. Not hulled. 

Winter. Winter^ressed oil, cotton-seed having a low freezing point. 

Working net. A metliod of hedging against shrinkage involving the assumption that 
’ the “test” (rf the seed is equal to the percentage of shrinkage. 

Yield. I^ie number of pounds of oil produced from one bushel of seed* 
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Aritniutiuif for material, 160. 
Atwrauktof, 71-72, 74, 75-7». 

Ai&i value, m, 232, 246. 
AciiTbleacli^ linaeed odl, 252. 

v»I<e. 224. 281. 246. 

AduKratioir of flaxseed, 119, 180-187, 
y^lW, 197, 201. 

Tnsewl rake. 25, 45.168, 252, 275 
fliiseed oil, 2.1, 41,45,54,71,91, 92,96, 
98, 100,101, 100, 108-109, 129, 197, 
219,221,222-237,238,240-241, 251, 
272. 

oil meal, 23, 85. 26, 27, 30. 116, 119, 
275. 

paints, 264. 

A^ oils, 256-^.17. 

Almond oil, 226, 231, 232, 281. 282. 
Ainerieait Linseed Comiwiiy, 8. 

Analysis of oil cake, 278-279. 

Anderson, V. D., Company, 45, 181. 
Andes, ix. 

ArKentiue seed. 136. 172, 189, 197, 202, 
212. 213. 

Attrition mill, 117, 118. 

Automatic bagtjers, 117. 
chan^ cock, 72, 76, 79-85. 
former, 50-51. 
preascs, 186-187. 

UaK sewinft, US, 115. 
twine, US. 

Bagf^era for meai, 117. 

Bags for cake, 110-115. 

Baltic flaxseed, 220, 224, 235. 

Bauuon, John, ix, 247. 

Bare plates, 57. 

Barrel. 103-108. 

flileni, 101,172. 

Beechnut oil, 281-282. 

Beerbohm's Trade Last, 200. 

Belt conveyor, 16. 

Bededikt, 219. 

Beosine, 220, 223. 224, 226, 245. 

Bill of lading, 213-215. 

Bins, 30. 


Bird lime, 221. 

Blrached oil, 250. 

Bleaching agents, 250-252. 
by heat, 254. 

Blowing oil, 177. 

Blown oils, 258-2^, 289. 

Blue stripe bags, 113, 115. 

Boiled linseed uil, 225, 235, 288-248. 

Holley, 11. L., 189, 190. 

Bumtwy flaxs<^, 201. 

Boston, 7, 104. 271. 

Box plate, 60-61. 

Brands for uil rake, 5, 63,119, 187,278 
for Imnvls, 1(W-107. 

Brannt, ix, 143, 187. 

Brass plates and boxes, 60, 61. 

Breaking machine for fiber, 266. 
of oils. 221,223,234,251,253. 

Bromine alatorption, 224, 228, 245. 
addition, 224 
substitution, 224. 
thermal value, 224. 

Buckeye Iron and Brass Works, 11, 34, 
42, 43, 47, 48, 49, 60. 62. 73, 79, 84, 
85, U2-U3, 115-116, 298. 

Buffalo. 6, 7, 8. 11, 104, 128. 129, 157, 
168, 213-216, 270, 271. 

Building construction, 85, 161, 163, 164, 
165. 168, 170, 181. 

Buildings, arrangement of, 165-166, 167, 
170. 

Butyric acid, 220. 

By-products of linseed oil, 117-118. 

Cage press, 60, 281, 282. 

Cake, linseed, 274*^79. 

Cake, adulteration of, 25, 41, 45. 
breaker, 115. 

compraition of, 5,69,70,110,114,11^ 
120, 144, 274. 
compound, 277-278. 
cotton seed, 6, 277, 295. 
feeding of, 6. 274-278. 
from expellers. 185. 
from screenings SO. 
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Cake grinding, 25,115'in. 

IMicking. 6,110-113,119-120. 
producUon <rf, 2,47-48,54-58,60,110, 
118, 131-132,144. 
statutini r^urding, 115, 274-276. 
test, 57, 69, 122-127, 136. 202. 
truck, 110. 

Calculte flaxseed, 130-137,172,189.107, 
199-201, 212-214. 
linseed nil. 249, 250, 254. 263. 

Camel’s hair, 04-05 

Canal, Erie, 8 

Candling, 36. 

Cans, 102. 

Capacity of accunnilalors, 79. 
automatic oil scale, 89. 
automatic trinuners, 07, 09. 
barrels, 1(4. 

cotton seed oil mills, 290. 

elevators, 19. 

exfiellera, 183, 186. 

filter pMNses, 93, 97. 

formers, 47. 

heaters. 43-45. 

hydraulic pumps, 75. 

mills per umn, 1.50. 

oil shipping scales, 102. 

packers. 111, 112. 

presses, 10.52-53, 61, 63, 121-122. 

rolls, 32,172. 

tank cars, lOH. 

Caproic acid, 220. 

Carladiydrates, 276. 

Carb(»ii dioxide, 222. 
disulphide, 220. 
tetrachloride, 179. 

Casks, 108. 

Castor oil. 220, 226, 231, 232, 280. 

Ontrifugal fitters, 97. 

Chalking, 264. 

Gumge block, 74. 80,167,169,171, 

Chemical com|)ositinii of linseed oil, 220. 

Chemistry of bleaching, 250-252. 
drying, 221-224, 238-240, 242. 245, 
251, m, 262. 
oils. 210-287. 

Cherry |)aint oil, 234. 

Chicago. 6. 7, 8, 129,170,181, 200. 207, 
213, 270, 271. 

Chilled rolls, 38. 

Chinawoodoil,220,226.228,234-287,267. 

Chlorine, 251. 

Chbn^hyll, 220, 250- 

Choker, 72, 80, 82, 84. 85. 

Chute, 18, W. 


Classification of accounts, 1^153,179* • 
180. 

Cleaning cotton seed, 23. 

Cleveland, 6-9,176,181,213,271. 

Cocoa butter, 226. 232, 285-286. 

Cocoaniit oil, 226, 2^, 285-287. 

Cold boiled oil, 242, 243. * 

pressed linseed oil, 41,54,58,124,185» 
186, 220. 221, 249, 268. 

Colors for barrels, 106. 

('olza oil, we lape ml. 

Cuinbiniition systems of cnisliin^. . 
Cuni]>laints regarding linseeil oil 
Compressed air accumulators, 1 
air formers, 50. 
meal, 117. 

Consumption of linseed oil, 3. 

Conveyors. 3. 18. 30, 110. 

('tH>king, str bmpering. 

(Vioperage, 1().»-107. 

Cttidimious lieuters. 45. 

Copra. 286. 288. 

Core sand, 209 

Com oil, 179.221.224,226.228, 

Com oil cake. 233. 

Corrugated plates, 57, 01, 03. 

('orrugation of rolls, 33, 38. 

C(>st of fonniug, 50. 
grinding .soo<i, 30 
griiuiiug cake, 117, l.)4. 
labor, 150, 1.)7. 

iieW'pruee.ss o^x'ration, 178-179, 181. 
package, 103-105, 107, 108, 113-114, 
154. 1.58. 

power, 156-157, 179. 
production, 56,57, 64,75,79,1)8-119, 
132-138,152-100,170,186.300-303. 
special products, 154,157,238,246,256, 
258-261. 
system, 155. 
trimming, 67-^. 

tran.sportation, l(Wt, 119 154-155,158. 
Cotton gin, 291. 

Cotton seed, 9, 297. 
cake, 9. 274, 277, 295. 
crushing, 9, 23,181. 
oil. 9.223.224,226,228,231,232,248, 
291-;209. 
pFodueis, 9, 297. 

Cracked cake, 116. 

Crushing, 1, 4, 32-39. 

Crushing sereeninfpi, 25-80. 

Crushing whole s^, 188,185-186. 
Cutting oil, 259. 

Cylinder, 60. 
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Dead weight accumulator, 78-78. 
Decorticator, 293. 

Defects of liuseed oil, 272. 
varnish, 288. 

Dimensions of accumulator, 77, 79. 
cake, 

cake bags, 113-115. 
oike grinder, 11C-117. 
cake packers, 111-113. 
expeller, 184. 

IfUter pretM, 07. 

'former, 47-49. 

J T, 43-15. 

es and plates, 57,58, 63, 64. 

>a, 75. 
ners, 60. 

Belanger, 11. 67. 
grator, <87, 288, 

Double foniier, 47-40. 

Down s{K)ntN, 5. 

Drainage of presses, 60, 61, 63. 
Drawlmek, 113. 

Drums, 108. 

Drver, 238-248, 201. 

Dryers, 176, 177. 

1)r>*ing of oil, 221-224, 238-240, 242, 
‘ 245, 251. 250, 262. 
oils, 210-220. 

Dual pressure, 71, 73, 75, 79-80. 

Duluth, 6, 200, 207, 213. 

Dumping tank, 101. 

E<‘onomi%er, 174. 

Edible oil, .54, 60, 01,107. 

Einidin test, 225. 

Ele<’tric power, 174. 

Elevtitor, 3-4,10,17-22, 30,173-174. 
English practice, 0, 10, 38, 80, 118, 143, 
172. 242, 273. 

£<[nipmcnt, builders of, 11, 24, 34, 35, 
37, 42, 43, 45, 47, 48. 49. 
crushing, 33-30. 

grouping, 10,16,10, 32, 35, 36, 43, 46, 
60-70,89,00-91,04-95,99,102,161, 
163-164,165-171,183,185, 252. 
hydraulic, 5,10. 
in typical mills. 171-175. 
new process, 180. 
power, 10,11, 18. 

sizes, of, 10. 19, 32. 42, 43-44, 45, 
47. 

Erie canal, 8.120. 214-215. 
Erythrophyll, 220. 

Essential mU, 281. 

Ether value, 231. 


European practice, 63, 65,118, 124, 176, 
187, 200, 204, 277, 297. 

Eacelsior oil, 234. 

Expansion of liuseed oil, 127,128, 220. 
Expeller, 181-186. 

Exports of flaxseed, 197, 199. 
linseed cake, 115,118,119-120. 
linseed oil, 102. 

Farrell Foundry and Machine Company, 
37. 

Feeding linseed coke, 118. 

Fees for inspecting flaxseed, 209. 
Ferro-ferri <'yHnide of iron, 222. 

Field damaged, 210. 

Filling. 101-102. 

Filtering, 0. 92-96. 

Filter clotli. 91-92, 96. 

|>aper, 92. 96. 
press, 91-97. 

Fi.sh oil. 223. 224, 232, 246. 

Flagging, 106 
Flash point, 223, 245. 

Flax niltivation, 189,190-194, 196, 197, 
200-202. 

diseases, 190-194. 
plant, 188, 189,193.194,196. 
products, 1. 188, 189, 195, 204-206. 
Flaxseed, 2. 3, 6, 7, K, 17, 160, 188-206. 
crushing, 35-51,144. 
handling, 3. 4, 10.17-23, SO. 45, 192. 
statistics, 3. 6, 8.198-204. 207-218. 
varieties, 6, 22. 23, 25, 45,122-124. 
Fluid for hydraulic system, 71, 78. 

Foots, 89, 92, 93, 96-99, 146, 164, 183, 
222. 2.34, 210. 

Former. 43, 45-51, 72. 

Frame, 93. 

Free fat^ acids, 245, 260-261. 

Freezing point of oils, 222. 

Freight. 7, 17, 108, 119, 213-216, 270, 
271. 

French, A. W., 67. 

French Oil Mill Machinery Cmnpany, 68, 
69. 81,83,111,112. 

Fullers’ earth, 252. 

Future sales, 217-218. 

Gears for heaters, 

Glossary, SOS-SOT. 

Gi}-cerine, 219, 221-222, 260, 261. 
Glycerides, 219-222. 

Governing pumps, 73-78, 86, 92, 97* 
Grading flaxseed, 207-213. 

Grape seed ml, 232. 
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Great Lakes, 7, H9,149, 21$, 214. 
Grinder for rolla, 

Grinding cake, 23,115-117,1.58,185. 
in new process mills, 176. 
rolls, 35-38. 

Gro^d dsJcsLl, 117-118,188-187. 

Hair mats, nee mats. 

Hummer aeale. 70. 

Haims test. 

Haxuru, <220. 

Heater. 4. 40-45, 50, m. iU. 

Heating Imiliiiiigs, 175. 

Hftit of bromiiiutioii, 284. 

Hedging, 138, 145-151. 

Helmer value, 232. 

Hemp oil, 220, 232, 281. 

Hexobromide test, 232. 

Hills, Edwin, 1. 

History of linseed erusliing, 1-^. 

Holland, flaxseed in, 220. 

Hooker. A. U., 225. 

Hoop driver, 100. 

Housings for {wesses, 56. 

Hiibl test, 228, 230. 

Huller, see decorlicabir. 

Hulls, 23, 203. 

Hunt. T. F., 188 . 

Huntley Manufarturiug Company, 24. 
Hurst, ix. 

Hydraulic system, 5, 10, 46, 47, 48, 54- 
55, 50-60, 71-87, 111, 172, 187, 
20.3-264. 

HydroUzed oil, 222. 

Idaho, 6,190. 

Idle mills. 157.158. 

Illinois, 108. 

Im|)act mill, 11.5-117. 

Imports, 2,3,100, 212, 2a5. 

Impurities, 3,4, 23-30,146, 211. 
Incorporated Oil Seeds Association, 212. 
India, 113, 220. 

Indian Temtory, 108. 

Indiana, 8,108. 

Indicators for oil storage tanks, 102. 
Indoor oil storage, 100. 

Inspection, 207-213. 
of barrels, 106. 
of tank cars, 109. 

Insulation, 260. 

Intermediate separator. 180-181. 
Intentate Cotton Seed < 'rushers’ Associa¬ 
tion, 297. 


Invenloiy, 23,121,127-128,141,142,146. 
Iodine absorption, 224,226,228-231,245. 

246, 251. 

Iowa, 190. 108. 

Isolinolenie acid, 220. 

Jackets for prewies, 56. 

Jacksonville, 155. 

Java oil, 234. 

Joslin, Schmidt & Co., 260. 

Kansas, 6, 137, 108. 

(’ity, 6. 

Kellogg, Silencer, ix, 8, 11-16, 200 
Keutuoky, IIW. 

Kettle, grc heater. 

Imiled oil, 241-242, 244, 246, 24 
Kjeldald apparatus, 278-270. 

Koetstorfer number, 227. 

Labor, 50, 52, 56, 57, 50-dO. 66, 131, 
157. 

Lakes, tlie Creat, 7,120. U5, 213, 214. 
La Plata, see Ar^ntiue seixl. 
l^awn dressing, 118. 

Laws regulating linseed oil trade, 234- 
235. 

Lawther, A. 11., 51,186. 

Xjead oxide, 222. 

Ijcakage in hydraulic systems, 78-79, 85. 
Leg, monne. 19. 

Lewkowitech, ix, 219, 232. 
Liebeniiann-Storch test, 245. 
lofts, .59. 

Lighting, 173. 

Links, 58-59, 63. 
linoleates, 222. 

Linuleic add, 219-2^. 

Linolein, 220. 

Unuicnic add, 220. 

Linoleum, 258, 269. 

Linoxates, 222. 

Linoxyn, 221. 

IJnter, 292. 

lithc^apbers’ vamteh, iSS. 

Lithopoiie, 264. 

Livache, ix, 224. 

Livache and Bishop test, 225, 242. 
Livache precipitated lead test, 224, 226. 
Livering, 242, 266-267. 

Liverpool, 110. 

Locadoiui of oil mills, 7-8,164. 

London seed contract, 212-213. 

Lucoi oil, 234. 
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.Mdlhiney, 228. 

Magnolia oil, 228. 

Manganese com{K)und8 as dryera,241,248. 
Manufacturers of mill equipment, 11. 24, 
84, 85, 37. 38, 42, 43, 45, 47, 48, 49, 
50. 

Marine leg, 19. 

Markets for flaxseed, 6, 7, 8, 200, 202, 
203, 207. 

I I oil, 7, 262-273. 

1 cake, 6. 

rts of cotton seed, 9. 
er. 61, 63-64. 

, 61-65, 170. 

■st, 224, 226, 231. 

25, 26, 27, 30. 
id flaxseed), 36, 45, 70. 
d linseed cake), 115,117,119, 

Meal hags, 117,127. 

Meal 1k>x, 46-47, 48. 

Meal, Tiinv proress, 178,181. 

Meat iMK^king, 117,127. 

Measuring frame, 45-51, 293. 

Menhac'uii oil, 224, 226, 228, 232. 
Methods of oil luamifacture, 176-187. 
Mill for trimmings, 70. 

Milling-in-trausit rates, 216. 

Mills, linseed, 7,16,161-175,176-181,184. 

cotton seeci, 298, 299. 

Mineral oils, wf petroleum oils. 
Minneapolis. 6, 7. 8,129, 207, 213, 270. 
Minnesota, 6. 8,190,19], 198, 109, 211. 
Minnesota graiti commission, ix. 
Missouri, 198. 

Mixed paints, 263, 264. 

Moistura as related to shrinkage, 143- 
146 

in cake, 143,144. 
in oil, 143, 220, 223. 
use of, in tonpering, 40, 43, 55, 144- 
145. 

Molder, 43, 46-51, 72. 

Molding. 4, 46-51, 293. 

Montana, 6,190, 

Morocco flaxseed, 220. 

Motor trucks, 271. 

Mouldy cake, 119. 

Mulder, ix, 219. 

Mullers, 1, 38. 

Multiple pressing, 54. 

Mustard oil, 232. 233, 285. 

seed, 40, 285. 

Musty flaxseed, 210. 

Myrlstin, 220. 


Naphtha, 177. 

Nason Manufacturing Company, 86. 
National Lead Ounpany, 8. 

Nebraska, 6, 198. 

New-proee»» meal, 118. 124, 181, 276. 
New-process oil, 177-178, 221. 233, 251, 
263. 

New York, 6-8, 119, 128-129, 157. 197, 
201, 213-216, 234. 270. 271. 

New York Linseed Assoeiatioii, ix, 212. 
New York Produce Exchange, ix, 215, 
273, 275, 294. 

Niger oil, 226. 231,281. 

Nitric acid test, 246. 

No. 1 flaxseed, 207, 216. 

No gr^e flaxseed, 208. 

North Dakota, 189-191,198-199. 
Northwestern flaxseed, 6, 136-137, 198, 
207, 216, 220. 

Ocher for bleaching, 252. 

Ohio. 8. 198. 

Oil, adulteration of, see adulteration, 
cold pressed, see cold prmsed linseed 
oil. 

(xitton seed, m cotton seed oil. 
linseed, 2. 3, 7.127. 
minor expressed, 281, 290. 
screenings, 80. 

Oil cake, 2. See cake. 

meal, »e meal. 

Oklahoma, 198. 

Old process, 176. 

Oleic ax'id, 220. 

Olein. 220. 

Olive oil. 226. 228, 231, 232, 281. 

Olsen, It. 219, 228, 231, 232. 278-279. 
Operation of former, 46-47-48. 
percolator, 176-177. 
press room, 112, 120, 130, 165-171, 
173. 

presses, .52-64, 74, 75, 80, 84. 85. 
Or^n, 6,199. 

Output, 11,50, 62-53, 67. 121-122. 
Overflow of tanks, 100. 

Over-run, 127,142.178. 

Ozone for bitching, 250. 

Packages, 102. 

Packer, 72. 

Packing cake. 6. 
leathers. 73, 75. 
leather dies, 75. 

Painting, 265. 
barrels, 106, 107, 
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Paints, 106, 233, 234, 242, 249, 231, 

253, 263-267. 
fur m^is, 265. 

Pale boiled oil, 242-243, 247. 

Palm oil, 226, 281. 

Palmitic acid, 

Palmitiii, 220. 

Pau, 47, 60. 

Paper making from 6ax straw, 204-205. 
Patent leatlier, 241. 

Patents OH oil mill machinery, 187. 

Pea meal, 116. 

Peanut oil. 143. 226, 228, 231, 232, 283. 
Percolation, 125-126,176-181. 

Percolalor, 176-177, 181. 

PetroleJini oils, 223, 224. 226. 227, 228, 
232. 246 

Philadelphia, 6. 7. 8, 168-170. 201, 213, 
271, 286. 

Pigments. 257. 

Pipe lines, 7, 73. 79, 80, 83, 86, 87, 100- 

101 . 

Plates (filter press), 01, 94, 97. 

(press). 3.3-58, 60-64. 

PIntt Iron Works Gimpany, 33, 50. 

P. M. P. oil, 255-2.56. 

Poj)py oil, 220, 228, 281. 

Power economy, 72, 73, 75, 80. 81, 173- 
173. 

equipment. 10, 11, 18, M. 162-16.3, 
165-166, 167, 169, 171, 173-175. 
estimates, 19, 23, 32,44, 48, 49, 69, 71, 
84, 117, 137, 158.176, 186. 
factor of linseed oil, 270. 

Power fimner, 49. 

presses, 181-186. 
l*resH for cotton seed oil. 20.3-294. 
filter, 6, 91-97. 
hydrutiile, 10, 52-65, 164. 
screw, 1,181-188. 

Press eloth, 5, 46, 57, 64-65, 80. 82. 84, 
173, 174, 186. 259, 293. 

Press room, 3.), 50, 32. 

Prewing whole seed, 58. 

Pressure.s for filtering, 90. 

hydratilie, 72, 77-78, 82. 

Prices, English and Amcrieaii, 278. 
flaxseed, 200. 

linseed oil, 103-104,108,133, 263. 
oil cake, 118-119. 
special oils, 153, 259, 268. 

Printers* ink, 258, 256, 257-258. 

Producer gas power, 173 
Production dl cotton swd, 9. 
flaxseed. S, 6, 8,198-204. 207-218. 


Products of cotton seed, 296. , 

Profit in working southwestern seed, 137. 
Properties of bleached oils, 251. 
blown oils, 257. 
cotton <>eed oil, 294. 
flaxseed. 22-45. 
oil cake, 5. 

Protein, 276. 

Pulleys on roils, 89. 

Pump, filter, 92, 97. 

I*ump, hydraulic, 71, 73-75, 77, 1. 
Pumpkin seed oil, 282. 

Purchase of ])ower, 173. 

Putty. 98, 247-248. 

Quality of oil from various seeds, 

Rum, 50-6t). 

Ra))e oil, 226-22H, 231, 2.32, 2.57, 28}^ 
290. 

seed. 40. 

Haw oil, 88, 96, 109. 
tteeeiving flaxseed, 3, 17-22 
Hefining. 97, 249-201. 

cotton se<xl oil, 295 
Hefractoinetri(‘ deviation, 224. 

Refractive index, 224. 

Refrigi'rutioii iit oil refining, 255. 

Reichert value, 231-232. 
tteiclierl-Meisal value, 232. 

Reje<1e<l flaxseed, 208 
Repairs, 44, 57. 73. 74, 75, 76, 83, 87, 
100, 103. 

Reports, 138, 141. 142, 156. 

Rettiiig, 205. 

Ru'e oil, 281. 

Roll grinder 36-38. 

Rolls, 4, 32-39. 172. 

for cotton seed, 293. 

Roofing from foots, 98. 

Rope drives, 35. 

Rose, Downs &'Tliom]won, Tdd., SB, 90. 
Rosin, 224, 226-228, 230, 232. 233, 237. 
245, 267. 

oil, 223-224, 226, 228, 230, 232-233, 
243, 245, 246, 257. 262, 267. 
test. 22.5. 

Rul)ber substitute, 257-238, 

Russian flax crop, 200. 

Sabin, A. H., 225. 

Sampling rake for testing, 124-125. * 
Saponification of linseed ml, 222. 
Saponification value, 224, 226-228, 246, 
251. 
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Saponified red oil, 280. 

Scales. 10, SO. 89, 90.102,107,100.127. 
Scaling, 264. 

Screen. 18. m~m. 

Screenings cake. SO. 
oil, 30. 234. 

Screenings, S-4, 23-30. U6, 211. 

Screw conveyor, 3. 18, 30. 

Dress, 1. 181-186. 

S^trh mill, 206. 

Se>;'s>il. 232. 

Set^nid hand oil, 270. 

Sefh^ent in linseed oil, 89.90, tee foots. 
Seetf Cuarkets, 6, 7, 8. 

SelU.^ expense, 153. 

Separator. 24. 

Sesame oil, 220, 228, 231, 232, 280. 
Settling tanks, 89. 90. 91, 96. 100, 177. 
Ship|)ing linseed oil, 1(K)-109. 

Shortage in cake weights, 119-120, 144, 
U6. 

flaxsewl weights, 213-216. 
weights of oil, 107. 

Shrinkage, 29, 126-127, 141, U2-146, 

U\. 

Shrinkagi' in ernsliing peamits, 143. 

cake and meal, 117, 119-120. 

Sifters. 3. 18, 23, 24. 

Silica drying test, 224, 245. 

Single ooinjNirtiiient heater, 42. 
Sniith-Vaile, 76. 77. 

Smokestack paints, 232. 

Soap, 88, 259-261. 

Suakage, 107, 108, 272. 

Soluble acids, 228. 

SoWlity of linseed oil, 220. 

Solvents for testing cake 125-126, 220. 
South Dakota, 198, 199. 

Southwestern seed, 6, 25. 137, 197. 
Speiial afssHints, 1^154. 

oil, 169, 181, 249-261. 

Specific gravity, 127, 220, 223, 235. 244, 
251, 254. 
beat. 220. 

temperature test, 231, 232. 
Specifications f(»r Imiled linseed oil, 244. 
for raw linseed oil, 222-225. 
for varnish, 269. 

Speculation in linseed oil, 272-2TO. 

in seeds, 216-218. 297. 

Speed of operation, 122-123. 

'of rolls, 38, 39. 

Spoiling of cotton seed, 9. 

of flaxseed, 45. 

Spouts, 5, 60. 


Sprinklen, 175. 

Stand (of rolls), 38. 

StatisticH, 3, 6. 8,198-204, 207-218. 
Steam, uses of, 40,78,105,176,177,178^ 
179, 180, 181, 240. 252. 
economy of, 41, 71,105,169,173-174. 
Stram former, 49, 50. 

Stemming l>arrels, 105. 

Stenciling Imrrels, 106-107. 

Stokers, mecdiaiiieal, 175. 

Stone muiler, 1, 38. 

Storage, 17, 19. 22, 23, 99-100, 105,166, 
167, 170. 

Strainer, 73. 

Stn)>)ier, 65-66, 69-70. 

Stripping. 5, 0,1. 

Sublimed white lead, 264. 

SnlwtitiitcK for linseed oil, 234-237. 

Sugar hugs, 113. 

Sulpliur chloride. 220. 

Sunflower oil, 228, 232, 283-284. 

Suuliglit bleaching, 2,50. 

Su)x‘rltcatcd steam for refining, 255. 
Supply tank, 73. 

Sweeps, 42. 

Sweetmeats, 256. 

Tacky, 223, 280. 

Tailings, 211. 

Tandem rolls, 31. 

Tank cars, 101,104. 108-109. 
stations 104, 154, 155, 172. 
wagons. 102-103, 271. 

Tanked oil, 96. 

Tanks, 19. 88. 

Tem)>ering, 4. 40-45, 68, 66, 98-99,144, 
181, 182. 

Testing flaxseed, 211-213. 
ground flaxseed, 186-187. 
mill ec«m<nnv. 19,36, U, 54.57-^, 83- 
84.125-120, 180, 138-140, 182. 
products of flaxB^, 220, 222-2.32, 
242-246. 

Theory of dual hydraulic operation, 
a3-84. 

roll opemtion, 38, 39. 
stock feeding, 276. 
trimming, 67-68. 

Tliermometer, 128. 

Thompson, G. W., ix, 221. 

Three hifdi heater, 42, 43. 

Time of pressing, 54. 
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Cooper, W. R. Primary Batteries.gyo, *4 00 

Qgiperthwalte, W. C. Tunnd Shields.gto, *^00 

Ct^eld, W, bL Dwelling Houses. (Science Serial No. go.).... ifimo, 0 go 

_Water and Water-St^ly. (Sidenrn Series No. 17.).ifimo, 0 go 

Corpwall, H. B. HanoalofBlow-tlpe Analysis.gro, *130 

Cowee, 6. A. Practical Safety Methods and Derices. Sto, *3 00 
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Cowell, W. B. Pure Air, Ozone, and Water.tamo, *2 oo 

Craig, J. W, and Woodward, W. P. Queationa and Anawett About 

Electrical Apparatus..'..izmo, leatber, i 50. 

Craig, T, Motion of a Solid in a Fuel. (Science Series Ho. 49.). idino, 0 50 

-Wave and Vottez Motion. (Science Series Ho. 43.).tdmo, 0 go 

Cramp, W. Continuous Current MacUne Design. Sto, *2 go 

Crabore, A. C. Mystery of Matter and Energy.8vo, 1 00 

Creedy, F. Single Phase Commutator Motors.8vo, *a 00 

Crocker, F. B. Electric lighting. Two Volumes. Svo. 

Vol. I. 'the Geneiating Plant. goo 

Vol U Distributing Systems and lamps. 

Crocker, F. B., and Arendt, M. Electric Motors.Svo, *a go 

Crocker, F. B., and Wheeler, S. S. The Management of Electrical Ma¬ 
chinery .lamo, *1 00 

Cross, C. F., Sevan, E. J., and Sindall, R. W. Wood Pulp and Its Applica¬ 
tions. (Westminster Series.) .Svo, *a 00 

CroBskey, L. R. Biementsry Perspective.Svo, i 35 

Crosskey, 1 . R,, and Thaw, J. Advanced Perspective. Svo, i go 

CuUey, J. 1 . Theory of Arches. (Science Series Ho. S7.) .. . i6mo, 0 go 

Cushing, H. C., Jr., and flatrison, N. Central Station Management... *3 00 

Dadourian, H. M. Anaiytical Mechanics. lamo, *3 00 

Dana, R. T. Handbook of Construction plant .lamo, leather, *s °° 

Danby, A. Natural Rock Asphalts and Bitumens.Svo, *a go 

Davenport, C. The Book. (Westminster Series.).Svo, "a 00 

Davey, H. The Gas Turbine. Svo, *4 00 

Davler, F. H. Electric Power and Traction. Svo, *a 00 

-I ouniatians and Machinery Fixing. (Installatian Manual Series.) 

i6mo, *i 00 

Dear, H. Sugar Cane.Svo, S 00 

Deite, C. Manual of Soapmaking. Trans, by S. T. King.4to, 

DelaCouz,H. The Injdustrial Uses of Water. Trans, by A. Morris. Svo, *4 go 

Delf Mar, W. A. Electric Power Conductors.Svo, *a 00 

Denny, G. A. Deep-level Mines of the Rand.4to, *10 00 

-Diamond Drilling for Gold. *3 00 

De Rods, J. D. C. linkages. (Science Series No. 47.).i6mo, 0 go 

Derr, W. 1 . Block Signal Operation.Oblong lamo, *1 go 

-Maintenance-of-Way Engineering., (/» Pnparattm.) 

Desaint, A. Three Hundred Shades and How to Mix Them.Svo, "S 00 

De Varona, A. Sewer Gases. (Science Series No. gg.) .i6mo, 0 go 

Devey, R. G. Mill and Factory Wiring. (Installation Manuals Series.) 

lamo, *1 

Dibdin, W. J. Purification of Sewage and Water. 8vo, 6 

Dichmann, Carl Basic Open-Hearth Steel Process.tamo, *3 

Dietericb,K. Analysis of Resins, Balsams, and Gtsm Resins.Svo, *3 

Dilworth, E. C. Steel Railway Bridges.4to, *4 

Dinger, Uent. B. C. Care aui Operation of Naval Machinaiy... lamo, *a 

Dlaon, D. B. Macfahtist's and Steam Engineer’s Practteal Calculator. 

itmo, ffloiocce, i ag 

Dodge, 6. F. Diagrams for Designing Reinforced Concrete Structures, 

fOUo, *4 00 


83. &88 8 
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Sommett; W. E. Hotn C«i Heduoiim.ismo, *1 59 

Dot, B. F. The Sorre^or’a Guide end Pocket Table-book. 

idnio, morocco, a eo 

Qnper, C. B. Elemeutaij Text-book of U|d>fi Heat and Sound.. lamo, i oo 

-Beat and the Ftinciplee of Tharmo-dynamici.lemo, *1 00 

Dron, K. W. Uining Formulae.lamo, i 00 

Dnbbel, B. Bigh Power Caa Enginet.8ro, *s 00 

Dnmeeny, P., and Noyer, J. Wood Producte, Diatillatee, and Extracts. 

• 8vo, *4 50 

Duncan, W. 6., and Penman, D. TheHectrlca] Equipment of ColUetiee. 

Sro, *4 00 

Dunkley, W. G. Design of Hachine Elemente. Two Tolumes. Bro, each, i so 
Dnnstan, A. £., and Thole, F. B. T. Textbook of Practical Chemistry. 

lamo, *i 40 

Durham, B. W.' Saws.8vo, 1 50 

Duthie,A,L. Decocati''e Glass Processes. (Westminster Series.).8vo, *2 00 

Dwight, B. B. Transmission Line Formulas.8vo, *a 00 

Dyson, S. S. Practical Testing of Raw Materials .Sro, *5 00 

Dyson, S. S., and Clarkson, S. S. Chemical Works.8vo, *7 50 


Eccles, W. B. Wireless Telegraphy and Telephony .lomo, *'4 50 

Eck, J. Light, Radiation and Illumination. Trans, by Paul Hogner, 

Sro, "a 50 

Eddy, B. T. Maximum Stresses under Concentrated Loads . . .Sro, i 50 

Eddy, L. C. Laboratory Manual of Alternating Currents. .. lemo, 0 so 

Edelman, P. Inrentions and Patents.lamo, *1 so 

Edgcumbe, K. Industrial Electrical Measuring Instruments... .8ro, 

(/« Press.) 

Edler, R. Switches and Switchgear. Trans, by Fh. Laubach...Sro, *4 00 

Elssler, M. The Metallurgy of Gold.Sro, 750 

-The Metallurgy of Silrer.8 to, 4 00 

-The Metallurgy of Argendferous Lead.Sro, goo 

-A Handbook on Modem Exploslres.Sro, g 00 

Ekin, T. C. Water Pipe and Sewage Discharge Diagrams .. . .folio, *3 00 

Electric Light Carbons, Manufacture of.Sro, i 00 

Eliot, C. W., and Storer, F. H. Compendious Manual of Qnalltatire 

Chemical Analyds.iimo, *1 ag 

Ellis, C. Hydrogenation of Oils.Sro, (In Press.) 

Ellia, G. Modem Technical Drawing .Sro, *a 00 

Bonis, Wm. D. Liimeed Oil and Other Seed Oils..Sro, *4 00 

-Applied Thermodynamics.Sro, *4 go 

-Flying Mmihines To-day. him, *1 go 

-Vapmo for Heat Engines.lamo, *1 00 

bmen, W. F. A. Materials Used in Siring.Sro, h 00 

Erwin, H. The Dnirerse and the Atom.ramo, *a 00 

Brana, C. A. Macadamixed Roads. (h Press.) 

Ewing, A. J. Magnetic Induction In Iron.Sro, *4 od 


Fxirie, J. Botes on Lead Ores, 
-Botes on Pottery Clays... 


lamo, *0 go 
.lamo, *i 50 
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Flble;, W., and Aadre, Geo. J. Ventilttion of Coal Minea. (Sdenco 


Series No. jd.).•' 

Fiirweatber, W. C. Foreign and Colonial Patent Laws.geOi 

Falk, M. S. Cement Mortars and Concretes.Sro, *a 

Fanning, J.T. Hydraulic and'Water-aupidy Engineering.Sro, *g 

Fay, L W. The C<al>tar Colors .Sto, *4 

Fembach, R. L. Glue and Gelatine. 8to, *3 

Findlay, A. The Treaaurea of Coal Tar.lamo, a 

Krth, J. B. Practical Physical Chemistry.lamo, t 

Fischer, E. The Preparation of Orgaidc Compounds. Trans, by R. V. ‘ 

Stanford.lamoj *1 

Flab, J. C. L. Lettering of Vorking Drawings. Oblong Svo, 1 

-Mathematica of the Paper iMation of a Bailroad. .paper, lamo, ^0 

Fisher, H. E. C., and Darby, W. C. Submarine Cable Tesfhig . .Svo, *3 


Fleischmann, V. The Bosk of the Dairy. Trans, by C. H. Alkman. 

Svo, 4 


Fleming, J. A The Altemate-cucrent Transformer. Two Volumes. Svo. 

Vol. I. The Induction of Electric Currents. *5 

Tol. n. The Utilisation of Induced Cunents. S 

-Itapagation of Electric Currents. Svo, *3 

-A Handbook for the Electrical Laboratory and Testing Room. Two 

Volumes .Svo, each, *s 

Floury, P. Preparation and Uses of White Zinc Paints.Svo, *a 

Flynn, P.J. Flow of Water. (Science Series No. 84.).lamo, 0 

-Hydraulic Tables. (Sdence Series No. 66.).i6mo, 0 

Forgie, J. Shield Tunneling.Svo. (/« Press.) 

Foster, H. A. Electrical Engineers' Pocket-book. (SemUh EdUion.) 

lamo, leather, 5 

-Engineering Valuation of Public Utilities and Factories. .. Svo, *3 

-Handbook of Electrical Cost Data.Svo (In Press.) 

Fowle, F. F. Overhead Transmission Line Crossings .. . . lamo, *i $0 

-The Solution of Altenuting Current Problems .. Svo (fn Press.) 

Fox, W. 0 . Transition Curves. (Science Series No. no.). ... i6mo, 0 $0 

Fox, W., and Thomas, C. W. Practical Course in Mechanical Draw¬ 
ing . tamo, I as 

Foye, J. C. Chemical Problems. (Science Series No. 69.).i6mo, 0 go 

-Handbook of Mineralogy. (Science Series No. 86.).i6ma, 0 50 

Francis, J.B. Lowell Hydraulic Experiments.4to, 1500 

Francen, H. Exercises in Gas Analysis.tamo, ’r 00 

Freudemacher, P. W. Electrical Mining InstallaSons. (Installation 

Manuals Series.) .lamo, *100 

Friend, J. N. The Chemistry of Linseed Oil.ramo, i 00 

Frith, j. Alternating Current Design.Svo, *3 00 

Frits^ J. Manufacture of Chemical Manures. ‘Drans. by D. Grant 

Svo, *4 00 

Frye, A L Civil Engineers’ Pocket-book.lamo, leather, 00 

Fuller, G. W. InvestigationB into the Puriflcatlan of the Ohio River. 

4to, *10 00 


FurneO, J. Paints, Colors, Oils, and Vainiahes.Svo. , 


Oalrdner, J. W. L EarOiwork.Svo i/n Press.) 

Gant, L. W. Elements of Electric Traction.Svo, *a go 


.8 8 13%%8 S'S'S 8 13£8£f fiSSSS-'SS^ 
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Oudt, A. J. R. V. Sjanidi-Eiiiplih SlUway Tenna .8to, *4 54 

Girdiier, H. A, Paiat Beaearclm, aad Their Practical Applicatioaa, 

Sto, *5 00 


. Garfortii, V. E. Ralea for Recoverint Coal Uinea after EijiloBioas and 


Firea.umo, leather, t 50 

Garrard, C. C. Elntric Switch and Controlling Gear.Svo, *6 oo 

Ga'tadard,J. PonndationB. (Science Series No. 34.).ihmo, 0 $0 

Gear, H. B., and Winiams, P. P. Electric Central Station Diatrlbotion 

, Syetems .Svo, *3 

GeerUn, H. C. P. Cane Sugar and Ita Manufacture .8ro, *5 

-Chemical Control in Cane Sugar Factories. 4 te, 4 

GeOde, J. Structural and Field Geolo^. 8’®i *4 

-Hountaina Their Growth, Origin and Decay.Svo, *4 

-The Antiquity of Han in Europe.Svo, *3 

Georgi, F., and Schubert, A. Sheet Metal Working. Trana by C. 

Salter.Svo, 3 

Gerhard, W. P. Sanitation, Watereupply and Sewage Disposal of Country 

Houses.romo, *1 

— Gas Lighting (Science Series Ro. rii.).tdmo, 0 

-Household Wastea (Science Series Ro. 97.).rdmo, 0 

-House Drainage. (Science Series Ro. 63.).idmo, o 

— Sanitary Drainage of Buildings. (Science Series Ro. 93.) idmo, 0 

Gerhardi, C. W. H. Electricity Meters .Svo, % 

Geschwind, L. Manufacture of Alum and Sulphatea Trana by C. 

Salter . Svo, *5 

Gibbings, A. H. Oil Fuel Equipment for Locomotives.Svo, 

Gibbs, W. E. Lighting by Acetylrae.lamo, *t 

Gibson, A H. Hydraulics and Its Application. Svo, *5 

-Water Hammer in Hydraulic Pipe Lines.lamo, *1 

Gibson, A. H„ and Ritchie, E. 6. Circular Arc Bow Girder.4to, *3 

Gilbreth, F. B. Motion Study. lamo, *j 

-Bricklaying System .Svo, *3 

-Field System .ismo, leather, *3 

-Primsr of Scientific Management. rsmo, *i 00 

Gillette, H. P. Handbook of Coat Data.umo, leather, 'y 00 

_Hock Excavation Methods and Cost.umo, *3 00 

_and Dana, R. T. Cost Keeping and Management Engineering.Svo, *3 50 

_and Bill, C. S. Concrete Construction, Methods and Cost_Svo, *s 00 

Gillmore, Gen. Q. A. Roads, Streets, and Pavements.umo, 1 05 

Godfrey, E. Tables for Structural Engineen.iSmo, leather, *0 50 

Golding, H. A The Theta-Phi Diagram..tamo, *c ag 

GoUschmldt, R. Alternating Current Commutator Motor.Svo, *3 00 

Ooodchlld,W. Precious Stones. (Westminster Serlea).Svo, *a 00 

Goodell, J. M. The Location, Construction and Maintenance of 

Roads.Svo, t 00 

Goodeve, T. M. Textbook on the Steam-engine.tamo, a 00 

Gore, 6. Electrolytic Separation of Metals.8vo, *3 go 

Gould, E. S. Arithmetic of the Steam-engine.lamo, t 00 

-Calculus. (Science Series Ro. tia.).tdmo, 0 50 

_-Sid) Masonty Dams. (Science Series Ro. aa.).tdmo, 0 50 

Gould, E- S. Practical Hydrostatics and Hydrostatic Formulas. (Science 

Series Ro. 117.).idmo, 0 go 


& 8888 S 8 & 8 SS 1 & 88 S .888 
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Gntuip, L. P. A Popnlu Guide to HiaettU. Sto, *i oo 

Qny, J, Electrical Influeuce HocUnn .iimo, a oo 

-Marine Boiler Design...iJino, *i se 

Greenhill, 6. Dynamics of Mechanical Flight.8 to, *] So ' 

Gregorius, R. l^eral Waiea Trans, by C. Salter..ismo, *3 oo 

Grierson, E. Some Modem Methods of Ventilation.Bro, *3.00 

Griffiths, A. B. A Treatise on Manures..rime, 300 

-Dental Metallurgy..Bro, *^50 

Gross, £. Hops.Bro, *4 so 

Grossman, J. Ammonia and Its Compounds.tamo, ’*r is 

Groth, L. A. Welding and Cutting Metals by Gases or Electricity. 

(Westminster Series).8ro, *a 00 

Grorer, F. Modem Gas and Oil Engines.Bro *1 oo 

Gruner, A. Power-loom Wearing.Bro, ♦300 

Gronsky, C. E. Topographic Stadia Surreying.i6mo, 1 00 

GUldner, Hugo. Internal Combustion Engines. Trans, by B. Diederlchs. 

ato, *15 00 

Gunther, C. 0 . Integration.gvo, *i as 

Gurden, R. L. Trarerse Tables.folio, half morocco, *7 50 

Guy, A E. Eiperiments on the nexure of Beams..gvo, *1 ig 

Haeuig, A Emery and Emery Industry,.. ■.gvo, *1 go 

Hsinbach, R. Pottery Decoration. Trans, by C. Salter.. time, *300 

Hale, W. J. Calculations of General Chemistry.lamo, *1 25 

Hall, C. H, Chemistry of Paints and Ikiint Vehicles . .. iimo, *2 00 

Hall, G. L. Elementary Theory of Alternate Current Working_8ro, 

Hall,R.H. Gorernors and Governing Mechanism . iimo, ‘>'1 oo 

Hall, W. S. Elements of the Differential and Integral Calculus. gvo, 15 

-- Descriptive Geometry. gvo volume and a gto atlas, *3 50 

Haller, G, F,, and Cunningham, E. T. The Tesla CoU.rimo, *t as 

Halsey, F. A Slide Valve Goars.rano, i 50 

-- The Use of the ffilde Rule. (Science Series Ho. rrg.).i6mo, 0 50 

-Worm and Spiral Gearing. (Science Series Ho. ci6.).iSmo, 0 go 

Hancock, H. Textbook of Mechanics and Hydrostatics .gvo, 150 

Hancock, W. C. Refractory Materials. (Metallurgy Series.) {In Press.) 

Hardy, £. Elementary Ptinciides of Graphic Statics.tamo, *t 50 

Haring, H. Engineering Law. 

Vol, I. Law of Contract.gvo, *4 00 

Harper, }, H. Hydraulic TaUea on the Flow of Water.iSmo, *a 00 

Harris, S. M. Practical Topographical Surveying. {In Press.) 

Harrison, W. B. The Mechanics’ Tool-book.tamo, I go 

Hart, J. W. External Plumbing Work.gvo, *300 

-Hints to Plumbers on Joint Wiping.gvo, *3 00 

-Principles of Hot Water Supply. Bvo, *3 00 

-Sanitary Plumbing and Drainage .gvo, *3 oo 

Haskins, C.H. The Galvanometer and Its Uses.i6mo, 1 go 


Hanabrand, E, Drying by Means of Air and Steam. Trans, by A C. 

W'W't.lamo, ‘a 00 

-Evaponting, Condensing and Cooling Apparatus. Trans, by A C. 

Wright.gvo, 00 
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Biumann, E. Telegriph Eighieeiisg.8 to, 

Eininer, A. Mun&cture oi Frewmd Foods and Sveetmeati. Thuu. 

by A. Honii and H. Robton.gro, 

’ Eawltnwwth, J. Graphical Handbook (or Reinforced Concrete Design. 

4to, 

Bay, A. Continuous Current Engineering. 8to, 

Hayes, H. V. Fnblic Vtilities, Their Coat Hew and Depreciation.. .8vo, 

-Public Dtilitiee, Their Fair Present Value and Return.8vo, 

Heath, F. H. Chemistry of Photography. 8to. (/n Press.) 

Beatfier, H. J. S. Electrical Engineering.gvo, 

Beariside, 0 . Electromagnetic Theory. Vola. I and n_8 to, each, 

Vol. in. .8to, 


*3 00 

*3 00 

*a 50 
*2 50 
•a 00 
*a 00 

*3 59 
•5 00 
*7 50 


Heck, K. C. E. The Steam Ensiae aad Tarbine_ 

.gro. 

♦3 50 

Steam-Engine and Other Steam Motors. Two Volumes. 


VoL 1 . Thermodynamics and the Mechanics. 

. 8vo, 

*3 50 

Vol. H. Form, Construction} and Working. 

. gro. 

•5 00 

-Hotos on Eiemen^iry Kinematics. 

.8t 0} boards, 

♦i 00 

-Graphics of Machine Forces. 

.8to, boards, 

•i 00 


Heermann, P. Dyers' Materials. Trans, by A. C. Wright . rrmo, 

Heidenreich, E. L. Engineers' Pocketbook of Reinforced Concrete, 

rStno, leather, 

HeUot,MacguerandD'Apligny. Artof Dyeing Wool, Silk and Cotton. Sro, 

Henrici, 0 . Skeleton Structures..gro, 

Bering, C, and Getman, F. H. Standard Tables of Electro-Chemical 

EguiTalents .ramo, 

Bering, D. W. Essentials of IhysicB for College Students.giro, 

Beting-Shaw, A. Domestic Sanitation and Plumbing. Two Vob.. .gro, 

Berlng-Shaw, A. Elementary Science.gro, 

Berington, C. F. Powdered Coal as Fuel.gro, 

Herrmann, G. The Graphical Statics of Mechanism. Trana by A. P. 

Smith.rrmo, 

Herafeld, J. Testhy of Tama and Textile Fabrics. 8ro, 

Bildebrandt, A. AAshlpa, Past and Present.gro, 

Hildenbrand, B. W. Cable-Making. (Science Series Ho. 31.)_rdmo, 

Eildltch, T. P. A Concise History of Chemistry.lamo, 

HHl, C. S. Concrete Inspection.rdmo, 

Hill. i. W. The Purification of Public Water Supplies. Hew Edition. 

. (/» Press.) 

—Interpetation of Water Analyaio. (In Press.) 

HiH, H, J. M. The Theory (rf Pcoportion.8ro, 

Hiroi, I. Plate Girder Constmetioa. (Science Series Ho. 95.).. .rdmo, 

-Staticaliy-Iadeterminate Stresses.rsao, 

Hirahfeld, C. F. Engineering Thermodynamics. (Science Series Ho. 43.) 

rOno, 

Hoar, A. The Submarine Torpedo Boat.same, 

Bi)b^ H. K. Beary Electrical Engineering..gro, 

..._Design of Static Trarufocmera..'.ramo, 

—Electricity.•”> 

-Electric Tialna.•vo, 


♦1 50 

♦3 00 
•a 00 

1 

♦i 50 

75 
•5 00 
•2 oa 
3 00 

2 OOi 

•3 5« 

0 5a 
*i as 
•1 00 


*a 50 
0 so 

H OQ 

0 50 
*9 00 

•4 50 
*• 00 

*aoo 
*a 50 


-ElMtilc Propti3tlo» of Shi^.*.SO 
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Holiut, J. F. Hari Soldering, Soft Soldering and Staling.lamo, *1 00 

Hobba, W. S. P. The AiUbmetic of Electrical Ueainiementa_iimo, 0 75 

Hofi, J. H. Paint and Tamiab Facta and Formulaa.lamo, *1 50 

Hole, W. The Diatribntlon of Gaa.8 to, *7 50 

HoUey, A. L. Railway Practice.folio, 6 00 

Hopkins, N. M. Model Engines and Small Boats.ismo, 1 05 

Hopkinson, J., Sboolbred, J. H., and Day, R. E. Dynamic Electricity. 

(Science Series No. 71.).i6mo, 0 

Homer, J. Practical Itonfounding .8 to, Hoo 

-Gear Cntting, in Theory and Practice.8 to, *3 00 

Hotnimcn, Hoy. How to Make the Railways Pay For the Wat—8vo, 3 00 

Houghton, C. E. The Elements of Mechanics of Materials.ismo, *s oo 

Honstonn, R. A. Studies in Light Production.ismo, s oo 

Hovenden, F. Practical Mathematics for Young Engineers.larao, *1 50 

Howe, 6. Mathematics for the Practical Man ..ismo, ’i 25 

Howorth, J. Repairing and RiTeting Glass, China and Earthenware. 

■ 8T0, paper, '0 50 

Hoyt, W. E. Chemistry by Experimentation .8vo, *0 70 

Hnbbatd, E. The Utilisation of Wood-waste . Bto, *s 00 

Edbnei, J. Bleaching and Dyeing of Vegetable and Fibrous Materials. 

(Ontlines of Industrial Chemistry.). 8to, *5 00 

Hudson, 0 . F. Iron and Steel. (Outlines of Industrial Chemiatry.).8vo, 00 
Humphrey, J. C. W. Metallography of Strain. (Metallurgy Series.) 

(ill Press.) 

Humphreys, A. C. The Business Features of Engineering Practice. Ato. *123 


Hunter, A . Bridge Work .Bto. (/« Press.) 

Hurst, G. H. Handbook of the Theory of Color. 8to, *2 50 

-Dictionaiy of Chemicals and Raw Products. 8to, *4 50 

- Lubricating Oils, Fats and Greases. 8to, *4 00 

-Soaps. 8to, ‘s 00 

Hurst, G. H., and Simmons, W. H. Textile Soaps and Oils. 8to, 3 oo 

Hurst, H. £., and Lattey, R. T. Text-book of Physics. 8ts, *3 00 

-Also published in three parts 

Part I. Dynamics and Heat. *s 2$ 

Part II. Sound and Light. *1 23 

Part in. Magnetism and Electricity. *i 50 


Hutchinson, R. W,, Jr. Long Distance Electric Power Transmission. 

lamo, *3 00 

Hutchinson, R. W., Jr, and Thomas, W. A. Electricity in Mining, lamo, 

(In Pros.) 

Hutchinson, W. B. Patents and How to Make Honey Out of Them. 


ismo, I 00 

Hutton, W. S. The Works' Manager’s Handbook.Sro, 6 00 

Hyde, E. W. Skew Arches. (Science Series No. 15.).i6nu), 0 go 

Hyde, F. S. Solvents, Oils, (Sums, Waxes. Bto, *2 00 

Induction Coils. (Science Series No. 53.).i6mo, 0 $(> 

Ingham, A. E. Gearing. A practical treatise. Bto, *2 go 

Ingle, H. Manual of Agricultural Chemistry .Sro, *3 00 
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Imass, C. H. Problems in Machine Design.lamo, *1 on 

-Air Compressors and Blowing Engines.lamo, 

.-Centrifugal Pumps...lamo, 00 

-The Fan.lamo, ‘a os 


Jacob, A., and Gould, E. S. On the Designing and Construction of 

Storage Reservoirs. (Science Series No. 6).i6mo, o 50 

JannVttaz, E. Guide to the Determination of Rocks. Trans, bp G. W. 

■ Plympton lamo, 1 so 

Jehl, F. Manufacture of Carbons Svo, *4 oo 

Jennings, A. S. Commercial Paints and Painting. (Westminster Series.) 

8to, *a 00 

Jennison, F. H. The Manufacture of Lake Pigments. . Svo, *3 oo 

Jepson, 6. Cams and the Principies of their Construction Svo, *i 50 

-Mechanical Drawing ...... ... Svo (/11 Prcparatum,) 

Jervia-Smith, F. J. Dynamometers. Svo, *3 50 

Jockin, W. Arithmetic of the Gold and Silversmith.lamo, *i 00 

Johnson, J. H. Arc Lamps and Accessory Apparatus. (Installation 

Manuals Series.) lamo, *0 75 

Johnson, T.M. Ship Wiring and Fitting. (Installation Manuals Series.) 

lamo, *0 73 

Johnson, W. McA. The Metallurgy of Nickel . (/n Pnimalum.) 

Johnston, J. F. W., and Cameron, C. Elements of Agricultural Chemistry 

and Geology.lamo, a 60 

Joly, J. Radioactivity and Geology.lamo, *3 oo 

Jones, H. C. Electrical Nature of Matter and Radioactivity.lamo, *2 00 

-Nature of Solution.Svo, *3 50 

-New Era in Chemistry.ismo, *200 

Jones, J. H. Tinplate Industry .Svo, *3 00 

Jones, H.W. Testing Raw Materials Used in Paint. lamo, *200 

Jordan, L. C. Practical Railway Spiral .... lamo, leather, *i 50 

Joynson, F. H. Designing and Construction of Machine Gearing , Svo, a 00 

japtner, H. F. V. Sidetology: The Science of Iron.Svo, ^ on 


Kepp,G. Alternate Current Machinery. (Science Series No. 9b.>.i6mo, 0 go 

Kapper, F. Overhead Tjansmission lines.4to, U 00 

Seim, A. W. Prevention of Dampness in Buildings.Svo, *1 00 

KelleT,S.S. Mathematics for Engineering Students, lamo, half leather. 

_and Knoa, W. E. Analytical Geometry and Calculus. *200 

Kelsey, W. R. Continuous-current Dynamos and Motors.Svo, *2 go 

Kemble, W. T., and Underhill, C. R. The Periodic Law and the Hydrogen 

Spectrum.Svo, paper, *0 

Kemp, J. F. Handbook of Rocks.Svo, '*1 

Kennedy, A. B. W., and Thurston, R. H. Kinematics of Machinery. 

(Science Series No. 54.).i6mo, 0 go 

Kennedy, A. B. W., Unwin, W. C., and Iddi, F. E. Compressed Air. 

(Science Series No. 106.) .idmo, 0 goi 





























V;. r.4.V AOM7MA7. cO.VS ^HOKT 'ITLE CATALOG 


Kanedy, B. Electric*! ImtalUtiOBS. «w Votames. 4 W. iS 

Single Volumee. J 

-Flying Maebiiies^ Practice and Design.* 

-Piindplea of AetopUae CosstmctiOB.8™i *» 

Kennelly, A. E. Electro-dynamic Uachinecy.8vo, i S<> 

Kent, W. Strength of Uateriele. (Science Series Ko. 41.).i6mo, 'O $0 

Kershaw, J. B. C. Fuel, Water and Gas Analysis.8vo, *} .$<> 

-— Electrometallurgy. (Westminster Series.).8va, ,*a 00 

—^ The Electric Furnace in Iron snd Steel ProducSon ismo, 

— Electro-Thermal Methods of Iron and Steel Production.. Sroi, *300 

Kindelan, ]. Trackman's Helper.rsmo, s 00 

Kirubrunner, C. Alternate Current Windings.8vo, *t jo 

-Continuous Current Armatures .8»o, ‘r 50 

-Testing of Alternating Current Machines.Svo, *i 00 

Kirkaldy, A.. W., snd Evans, A. D. History and Economics of 

Transport.Svo, *3 00 

Kirkaldy, W. 6. David Kirkaldy’s System of Mechanical Testing .ato, to 00 

Kirkhride, J. Engraving for Hlustration .8vo, '*t go 

Kitkham, J. E. Structural Engineering.Svo, '5 00 

Kirkwood, J. P. Filtration of Kver Waters .4to, 7 go 

Kirschke, A. Gas and Oil Engines . tsmo, *t 2g 

Klein, J. F. Design of a High-speed Steam-engine.Svo, *g 00 

-Physical Significance of Entropy .8vo, *t go 

Elingenberg, 0 . Large Electric Power Stations.4to, *g 00 

Knight, K.-Adm. A. M. Modem Seamanship.Svo, *6 go 

Knott, C. G., and Mackay, J. S. Practical MathematicB.Svo, a 00 

Knox, 6. D. Spirit of the Soil.iimo, 'r sg 

Knox, J. Physico-Chemical Calculations.rsmo, 't ag 

-Fixation of Atmospheric Ritrogen. (Chemical Monographs.) .rsmo, *100 

Koester, F. Steam-Electric Power Plants .4to, *s oo 

-Hydroelectric Developments and Engineering.4to, *g 00 

Keller, T. The Utrlisation of Waste hoducts. Bvo, *3 00 

-Cosmetics.Svo, *2 go 

Koppe, S. W. Glycerine.tamo, "a go 

Kozmin, P. A. Flour Hilling. Trans, hy H. Falkner.Svo, 7 go 

Ktemann, S. Application of the Physico-Chemical Theory to Tech¬ 
nical Processes and Manufacturing Methods. Trana by H. 

E. Potts.Svo, *3 00 

Kretchmar, E. Tara and Warp Sizing. Svo, *4 os 

Lafiargue, A, Attack in Trench Warfare.iSmo, 0 go 

Lallier, E. T. Elementary Manual of the Steam Engine.tamo, *a 00 

Lambert, T. Lead and Its Compounds.Svo, *3 go 

— Bone Products and Manures.Svo, *3 on 

Lambora, L. L. Cottonseed Products.Svo, *300 

-Modem Soaps, Candles, end Glycedn.Svo, *7 50 

Lanvrecht,K. Recovery Worir After Pit Fbes. Trans, by C. Salter. Svo, *400 

Lancaster, M. Electric Cooking, Heating and Cleaniag.Svo, 00 

Lsndieiter, F. W. Aerial Flight Two Volumes. Svo. 

VoL L Aerodynamka. *6 00 

Tol. 0 . AerodoneticB. *6 00 
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Imass, C. H. Problems in Machine Design.lamo, *1 on 

-Air Compressors and Blowing Engines.lamo, 

.-Centrifugal Pumps...lamo, 00 

-The Fan.lamo, ‘a os 


Jacob, A., and Gould, E. S. On the Designing and Construction of 

Storage Reservoirs. (Science Series No. 6).i6mo, o 50 

JannVttaz, E. Guide to the Determination of Rocks. Trans, bp G. W. 

■ Plympton lamo, 1 so 

Jehl, F. Manufacture of Carbons Svo, *4 oo 

Jennings, A. S. Commercial Paints and Painting. (Westminster Series.) 

8to, *a 00 

Jennison, F. H. The Manufacture of Lake Pigments. . Svo, *3 oo 

Jepson, 6. Cams and the Principies of their Construction Svo, *i 50 

-Mechanical Drawing ...... ... Svo (/11 Prcparatum,) 

Jervia-Smith, F. J. Dynamometers. Svo, *3 50 

Jockin, W. Arithmetic of the Gold and Silversmith.lamo, *i 00 

Johnson, J. H. Arc Lamps and Accessory Apparatus. (Installation 

Manuals Series.) lamo, *0 75 

Johnson, T.M. Ship Wiring and Fitting. (Installation Manuals Series.) 

lamo, *0 73 

Johnson, W. McA. The Metallurgy of Nickel . (/n Pnimalum.) 

Johnston, J. F. W., and Cameron, C. Elements of Agricultural Chemistry 

and Geology.lamo, a 60 

Joly, J. Radioactivity and Geology.lamo, *3 oo 

Jones, H. C. Electrical Nature of Matter and Radioactivity.lamo, *2 00 

-Nature of Solution.Svo, *3 50 

-New Era in Chemistry.ismo, *200 

Jones, J. H. Tinplate Industry .Svo, *3 00 

Jones, H.W. Testing Raw Materials Used in Paint. lamo, *200 

Jordan, L. C. Practical Railway Spiral .... lamo, leather, *i 50 

Joynson, F. H. Designing and Construction of Machine Gearing , Svo, a 00 

japtner, H. F. V. Sidetology: The Science of Iron.Svo, ^ on 


Kepp,G. Alternate Current Machinery. (Science Series No. 9b.>.i6mo, 0 go 

Kapper, F. Overhead Tjansmission lines.4to, U 00 

Seim, A. W. Prevention of Dampness in Buildings.Svo, *1 00 

KelleT,S.S. Mathematics for Engineering Students, lamo, half leather. 

_and Knoa, W. E. Analytical Geometry and Calculus. *200 

Kelsey, W. R. Continuous-current Dynamos and Motors.Svo, *2 go 

Kemble, W. T., and Underhill, C. R. The Periodic Law and the Hydrogen 

Spectrum.Svo, paper, *0 

Kemp, J. F. Handbook of Rocks.Svo, '*1 

Kennedy, A. B. W., and Thurston, R. H. Kinematics of Machinery. 

(Science Series No. 54.).i6mo, 0 go 

Kennedy, A. B. W., Unwin, W. C., and Iddi, F. E. Compressed Air. 

(Science Series No. 106.) .idmo, 0 goi 
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Lodge, 0 . J. Elementeijr ... 

-Signalling Across Space without Wires . 

Loewenstein, L. C., and Crissey, C. P. Centrifugal Pumps. , . . ■ 

Lomax, J. W. Cotton Spinning.lamo. 

Lord, R. T. Decoratise and Pane; Fabrics.8vo, 

Loring, A. E. A Handbook of the Electromagnetic Telegraph .. i6ma 

— Handbook. (Science Series No. 39.).i6m, 

Lorell, 0 . H. Practical Svritchwork .tamo. 

Low, D. A. Applied Mechanics (Qementary).i6mo, 

Lubschez, B, J. Perspective . lamo, 

Lncke, C. E. Gas Engine Design.Svo, 

-ftwer Plants; Design, Efficiency, and Power Costs, a vols. 

{In Ptfforalwn.) 

Luckiesh, M. Color and Its Application.Svo, 

-Light and Shade and Their Applications.Svo, 

Lunge, G. Coal-tar and Ammonia. Three Volumes.Svo, 

-Technical Gas Analysis.Svo, 

-Manufacture of Sulphuric Arid and Alkali. Four Volumes. Svo, 

Vol. I. Sulphuric Acid. In three parts . 

-^Vol. I. Supplement.Svo, 

Vol. H. Sffit Cake, Hydrochloric Acid and Leblanc Soda. In two 

parts . (In Press.) 

VoLIU. Ammonia Soda. (In Press.) 


1 so 
*2 00 
*4 50 

I 50 

'3 5». 
0 so 
0 50O 
•i o» 
0.80 
*1 so 
*3 00 


00 
*2 50 
*ao 00 
*4 00 

'18 00 
5 00 


Vol. IV. Electrolytic Methods. (InPrm.) 

-Technical Chemists’ Handbook.tamo, leather, '3 so 

— Technical Methods of Chemical Analysis Tiana by C. A. Keane 
in collaboration with the corps of specialists. 

Vol. L In two parts. .Svo, *ig 00 

Vol. H. In two parts.Svo, ‘iS 00 

Vol. in. In two parts.8vo, *18 00 

The set (3 vols.) complete.'.. *30 00 

Luquer, L. M. Minerals In Rock SectiottB.Svo, *i Sd 


Hacewen, H. A. Food Inspection. Svo, *a go 

Mackenzie, R. F. Notes on Irrigation Works.8vu, ‘a go 

Hickie, J. How to Hake a Woolen Mill Pay.Svo, *a 00 

Maguire, Wm. R. Domestic Sanitary Drainage and Plumbing_Svo, 400 

Malcolm, C. W. Textbook on Graphic Statics.Svo, *3 00 

Malcolm, H. W. Submarine Telegnph Cable. (In Press.) 

Mallet, A. Compound Engines. Trans, by R.R.Buel (Science Series 

No. 10.).i6mo, 

Mansfield, A. N. Electro-magnets. (Science Series No. 64.) ... ifimo, 0 go 
Harks, E. C. R. Construction of Cranes and Lifting Machinery . tamo, *i go 

-Construction and Working of Pumps.tamo, 

-Manufacture of Iron and Steel Tubes .lamo, *s 00 

-Mechanical Engineering Materials .lamo, *i 00 

Marks, G.C. Hydraulic Power Engineering.Svo, 3 go 

-Inventions, Patents and Designs . tamo, *i oo 

Harlow, T.Q. Drying Machini-y and Practice.Svo, *g 00 
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Mirsb, C. F. Conciu Ttetlise on Reinforced Concrete.Sro, *» go 

— Reinforced Concrete Comprescion Member Diagram. Mounted on 
• Cloth Boarda. »l an 

\r _a. ^ . 


Marsh, C. F., and Dunn, W. Manual M Reinforced Concrete and Con¬ 
crete Block Construction.i6mo, fabrikoid (/ii Vtess ) 

MafBhall,W.J.,andSankey,H.R. GaaEnginea. CWeatminaterSeries.) 


8to, *2 00 

Martin, G. Trium^a and Wonders of Modem Chemistry.8vo, *2 oo 

-Modem Chemistry and Its Wonders.8vo, *a 00 

Martin, N. Properties and Design of Reinforced Concrete.ismo, *2 50 

Martin, W. D. Hints to Engineers.lamo, *1 50 

Hassie, W. W., and Underhill, C. R. Wireless Telegraphy and Telephony. 

i2mo, *i 00 

Mathot, R. E. ' Internal Combustion Engines.avo, *4 oo 

Maurice, W. Electric Blasting Apparatus and Explosives . . . gvo, *3 go 

-Shot Firer’s Guide . gvo, *1 50 

Maxwell, F. Sulphitation in White Sugar Manufacture.lamo, 3 00 

Maxwell, J. C. Matter and Motion. (Science Series No. 36.). 

i6mo, 0 go 

Maxwell, W. H., and Brown, J. T. Encyclopedia of Municipal and Sani¬ 
tary Enginoering.4to, ‘lo 00 

Mayer, A. M. LectureNotes on Physics. gvo, 200 

Mayer, C., and Slippy, J. C. Telephone Line Conatmction.8vo, *3 00 

McCnllon^, E. Practical Surveying.lamo, *2 00 

-Engineering Work in Cities and Towns.gvo, *3 oo 

-Reinforced Concrete .lamo, *1 50 

McCullough, R. S. Mechanical Theory of Heat .gvo, 330 

HcGibbon, W. C. Indicator Diagrams for Marine Engineers.8vo, *3 50 

-Marine Engineers’ Drawing Book.oblong ato, *2 50 

HcGibbon, W. C. Marine Engineers Focketbook.lomo, *4 no 

McIntosh, J. 6, Technology of Sugar.gvo, *g 00 

-Industrial Alcohol. 8vo, *3 00 


-Manufacture of Varnishes and Kindred Industries. Three Volumes. 


gvo. 

Vcl. 1 . Oil Crushing, ReSning and Boiling. *3 go 

VoL n. VamiSh Materials and Oil Varnish Making. *400 

VoL m. Spirit Varnishes and Materials. *4 go 

McKay, C. W. Fundamental Principles of the Telephone Business. 

■ gvo. (In Press.) 

McKillop, M., and McKiUsp, A. D. Efficiency Methods.ismo, i 50 

HcKnight, J. D.,aodBrawn, A. W. Marine Multitubulai Boilers. ... *i go 
McMaster, J. B. Bridge and Tunnel Centres. (Science Series No. 20.} 

i6mo, 0 go 

McHecben, F. L. Tests for Ores, Minerals and Metsis.ismo, *i 00 

McPherson, J. A. Water-works Distribution . gvo, a go 

Meade, A. Modem Gas Works Practice.gvo, *7 50 

Meade, Alwyne. Modem Gas Works Practice.gvo, 7 50 

Meade, R. K. Design and Equipment of Small Chemical Laboratories, 

‘ gvo, 

Helick, C. W, Dairy Laboratory Guide. lamo, *1 ag 

Mensch, L. J. Reinforced Concrete Pocket Book.lemo, leather, *400 

Merck, E. Chemical Reagents; Their Purity and Testa Trana by 

H. E. Schenek.gvo, i 00 
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XeiiTLi, J. H. Hotel «n4 Fonniitae for Mining Student!.laBO, i 50* 

Merritt, Wm. H. Field Testing for Gold end Silver.i6iiio,lestber, i $» 

Herteni. Tectice and Teclinique of River Croesinge. Translated by 

W. Kruger.8vo, a 50 

Hienineld, S. Waterproofing of Falnia. Trane, by A. Morris and E. 

Robson .Svo, *a 50 

Hiesenet, B. F. Radio Dynamics.lamo, '"a oo 

Hiller, G. A. Detenninanta. (Science Series No tog.).ifimo, 

Hiller, W. J. Introduction to Historical Geology.xamo, *a 00 

Milroy, M. E. W. Home Lace-maldng.lamo, .'i oo 

Mills, C. N. Elementary Mechanics tor Engineers.Bvo, *i 00 

Mitchell, C. A. Mineral and Aerated Waters. Svo, *3 00 

Mitchell, C. A., and Prideaui, R. M. Fibres Used in TeiUle and AIEed 

. Industries .Svo, *3 oo 

Mitchell, C. F., and G. A. Building Construction and Drawing. lamo. 

Elementary Course .*1 50 

Advanced Course . . *1 50 

Honckton, C. C. F. Radiotelegraphy. (Westminster Series.) .. Bvo, *a oo 
Mouteverde, R. D. Vest Pocket Glossary of English-Spanish, Spanish- 

English Technical Terms .64010, leather, *i 00 

Montgomerv, Jf. H. Electric Wiring Specifications. iCmo, *i 00 

Moore, E. C, S. New Tables for the Complete Sohitian of Ganguillet and 

Rutter’s Formula. , . .Svo, *500 

Morecroft, J. H., and Hehre, F. W. Short Course in Electrical Testing. 

Svo, *1 50 

Morgan, A. P. Wirelesa Telegraph Apparatus for Amateurs. ...lamo, *150 

Moses, A. J. The Characters of Crystals.Svo, *a 00 

-and Parsons, C. L. Elements of Mineralogy.Svo, *3 00 

Moas,S.A. Element8dI)6a8EngineDesign.(ScienceSeriesNo.iai.)i6ma, 0 go 

-The Lay-out of Corliss Valve Gears. (Science SeriesNo.ii9.)t6mo, 0 go 

Mulford, A. C. Boundaries and Landmarks.lamo, *100 

HuUin, J. P. Modem Moulding and Pattern-making.isran, 1 go 

Munby, A. E. Chemistiy and Physics of Building Materiali. (West¬ 
minster Series.) . Svo, *a 00 

Murphy, J. G. Ptacticil Mining.t6mo, 1 00 

Murray, J. A. Soils and Manures. (Westminster Series.).Svo, *a 00 


Nasmith, J. The Student’s Cotton Spinning...gvo, 3 eo 

-Recent Cotton Mill Constructian.lamo, a go 

Heave, G. B., and Hellbran, 1. H. Identification of Organic Confounds. 

lamo, *i ag 

Neilson, R. M. Aeroplane Patents.8ro, *a 00 

Nets, F. Searchlights. Trans, by C. Rodgers.gvo, *3 oO 

Heuberger, EL, and Noalhat, H. Technology of Petroleum. Trims, by 

J. 6. Hclntodi.gvo, *10 ee 

Newall, J. W. Drawing, Sizing and Cutting BeveLgears.geo, 1 go 

Newell, F. B., and Dtayer, C. E. Engineering as a Career.. isms, clo^ *1 00 

paper, b yg 

Newbeging, T. Handbook for Gas Engineers and Managers.Svo, go 

Nicol, 6. Ship Conitmction and Calculationi .FTC, *g 00 

Hipher, F. E. Theory of Magnetic Measurements.lamo, 1 so 
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Ntabet, H. Ctaminti of Toitfle Deilts.8»«, 

thoTdeuopo. (Sdonee Serin No. 51.).itao, 

Nolle, J. W. Kpitome of NoTigetion.ocUvo, 

•-A Complete Set of Houtlcal TeUee with Ezpluutlooo of Xheii 

Cl* 


.ocUyo, 


North, H. B. Uhorttoty Experimenti In General Chenil’itij'. "loinol 
Ni4ent,E. Ttoatloa on Optin.. 


0 JO 

100 

6 so 
*1 00 

I so 


0’Csimoi,H. The Ou Enginoer'a Pooketbook.imio, leather, 3 50 

Ohni, _G. S., and Lockwood, T. D. Galnnic Circuit. Ttani^ted hy 

raiam Franria. (Science Series Ho. loi.).idmo, 0 go 

Glien, J. C. Text-hook of Quantitative Chemical Analyala.8vo, 3 50 

OisBon,A Motor Control, in Turret Taming and Gun Elevating. (C.S. 

Navy Electrical Series, No. 1.).lamo, paper, *050 

Gnniby, M. T. M. Surveying.nmo, i 50 

Oudin, M. A. Standard Polyphase Apparatus and Systems.8vo, *3 00 

Owen, D. Recent Physical Research.8vo, 


Fakes, W. C. C., and Nankivell, k. T. The Science of Hygiene. .gvo, *1 ys 
Palai, A. Industrial Photometry. Trans.byG.W. Patterson, Jr.. 8vo, *400 


Pamely, C. Colliery Manager’s Handbook.8vo, *ia 00 

Parker, P. A. M." The Control of Water.8vo, *5 00 


Parr, G. D. A. Electrical Engineering Measuring Instruments_8vo, *3 50 

Party, E. J. Chemistry of Essential Oils and Artificial Perfumes, 

(/« I’ress.) 


-Foods and Drugs. Two Volumes. 

VoL L Chemical and Microscopical Analysis of Foods and Drugs. *7 SO 

Vol. H. Sale of Food and Drugs Act. *3 00 

-and Coste, J. H. Chemistry of Pigments.8vo, *4 

Parry, L. Notes on Alloys.8vo, *3 

-Metalliferous Wastes .8vo, "s 

-Analysis of Ashes and Alloys.8vo, *1 

Parry, L. A. Risk and Dangers of Various Occupations.8vo, *3 

Pat^U, H. F., and Hobart, H. M. Armature Windings . 4to, *7 

-Electric Railsray Engineering.4to, "to 

Parsons, J. 1. Land Drainage.8vo, *1 

Parsons, S. J. Malleable Cast Iron. ... . . 8vo, *2 

Partington, J. R. Higher Matiiematics for Chemical Stndents. .lamo, *a 

-Textbook of Thermodynamica.Svo, *4 

Passmore, A. C. Technical Terms Used in Architecture. Svo, *3 

Patchell, W. H. Electric Power In Mines.Svo, *4 

Paterson, G. W. L. Wiring Calculations.tamo, *a 

-Electric Mine Signalling Installations.ismo, *1 

Patterson, D. The Color Printing of Carpet Yams.Svo, *3 

-Color Matching on Textiles .Svo, *3 

-Textile Color Mixing.Bvo, *3. 

Paulding, C. P. Condensation of Steam In Coveted and Bar* Pipes. Svo, *a 

-Transmission of Heat through Cold-storage Insulation.tamo, *i 

Payne, D. W. Iron Pounders’ Handbook.Svo, *4 

Peckham, S. F. Solid Bitumens. Bvo, *s 

PeiSdle,R.A. Engineering and Hetalluigical Books.tamo, *i 

Peirce, B. System of Analytic Mechanics.4to, to 

-Unnear Associative Algahra.Sto, 3 


Psndted, V. Ths Railway Locomotive. (Westminster Series.).Svo, *a 


888%S 88S8S%%88% 8g)S%8)e88gS13 
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XeiiTLi, J. H. Hotel «n4 Fonniitae for Mining Student!.laBO, i 50* 

Merritt, Wm. H. Field Testing for Gold end Silver.i6iiio,lestber, i $» 

Herteni. Tectice and Teclinique of River Croesinge. Translated by 

W. Kruger.8vo, a 50 

Hienineld, S. Waterproofing of Falnia. Trane, by A. Morris and E. 

Robson .Svo, *a 50 

Hiesenet, B. F. Radio Dynamics.lamo, '"a oo 

Hiller, G. A. Detenninanta. (Science Series No tog.).ifimo, 

Hiller, W. J. Introduction to Historical Geology.xamo, *a 00 

Milroy, M. E. W. Home Lace-maldng.lamo, .'i oo 

Mills, C. N. Elementary Mechanics tor Engineers.Bvo, *i 00 

Mitchell, C. A. Mineral and Aerated Waters. Svo, *3 00 

Mitchell, C. A., and Prideaui, R. M. Fibres Used in TeiUle and AIEed 

. Industries .Svo, *3 oo 

Mitchell, C. F., and G. A. Building Construction and Drawing. lamo. 

Elementary Course .*1 50 

Advanced Course . . *1 50 

Honckton, C. C. F. Radiotelegraphy. (Westminster Series.) .. Bvo, *a oo 
Mouteverde, R. D. Vest Pocket Glossary of English-Spanish, Spanish- 

English Technical Terms .64010, leather, *i 00 

Montgomerv, Jf. H. Electric Wiring Specifications. iCmo, *i 00 

Moore, E. C, S. New Tables for the Complete Sohitian of Ganguillet and 

Rutter’s Formula. , . .Svo, *500 

Morecroft, J. H., and Hehre, F. W. Short Course in Electrical Testing. 

Svo, *1 50 

Morgan, A. P. Wirelesa Telegraph Apparatus for Amateurs. ...lamo, *150 

Moses, A. J. The Characters of Crystals.Svo, *a 00 

-and Parsons, C. L. Elements of Mineralogy.Svo, *3 00 

Moas,S.A. Element8dI)6a8EngineDesign.(ScienceSeriesNo.iai.)i6ma, 0 go 

-The Lay-out of Corliss Valve Gears. (Science SeriesNo.ii9.)t6mo, 0 go 

Mulford, A. C. Boundaries and Landmarks.lamo, *100 

HuUin, J. P. Modem Moulding and Pattern-making.isran, 1 go 

Munby, A. E. Chemistiy and Physics of Building Materiali. (West¬ 
minster Series.) . Svo, *a 00 

Murphy, J. G. Ptacticil Mining.t6mo, 1 00 

Murray, J. A. Soils and Manures. (Westminster Series.).Svo, *a 00 


Nasmith, J. The Student’s Cotton Spinning...gvo, 3 eo 

-Recent Cotton Mill Constructian.lamo, a go 

Heave, G. B., and Hellbran, 1. H. Identification of Organic Confounds. 

lamo, *i ag 

Neilson, R. M. Aeroplane Patents.8ro, *a 00 

Nets, F. Searchlights. Trans, by C. Rodgers.gvo, *3 oO 

Heuberger, EL, and Noalhat, H. Technology of Petroleum. Trims, by 

J. 6. Hclntodi.gvo, *10 ee 

Newall, J. W. Drawing, Sizing and Cutting BeveLgears.geo, 1 go 

Newell, F. B., and Dtayer, C. E. Engineering as a Career.. isms, clo^ *1 00 

paper, b yg 

Newbeging, T. Handbook for Gas Engineers and Managers.Svo, go 

Nicol, 6. Ship Conitmction and Calculationi .FTC, *g 00 

Hipher, F. E. Theory of Magnetic Measurements.lamo, 1 so 
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Pnlles, W. V. F. Applicatloa of Graphic Hethoda to tha Design of 


Stcuctnret.lamo, *1 go 

-Injectors; Theory, Conetmetion and VorUng.ramo, *i go 

—Indicator Diagrams .8vo, go 

—Engine Testing .Svo, *4 go 

Pntsch,A. Gat and Coal-dttst Firing.Svo, *3 o* 

Pynchon, T. K. Introduction to Chemical Physics.Svo, 3 s* 


lUter G. W. Mechanics of Ventilation. (Sdsnes Series Ro. 33.). rdmo, 

-Potable Water. (Science Series Ho. 103.).rdmo, 

—^ Treatment of Septic Sewage. (Science Series Ho. 118.)... rdmo, 
Rafter, G. W., and Baber, H. R. Sewage Disposal in the Dnited States. 


4to, 

Raikes, H. P. Sewage Disposal Works.Svo, 

Randan, P. Enamels and Enamelling.Svo, 

Rankine, W. J. M. Applied Mechania.Svo, 

-CM Engineering.Svo, 

— Machinery and Millwotk.Svo, 

— The Steam.4ngine and Other Prime Movete..Svo, 

Rvnklne, W. J. M., and Bamber, E. F. A Mechanical Text-book.... Svo, 
Ranaome, W. R. Freshman Mathematics.lamo, 


Raphael, F. C. Localization of Faults in Electric Light and Power Mains. 

Svo, 


0 

o 

0 

•6 

*4 

*4 

5 

6 
5 
g 
3 

♦l 

3 


Raseb, E. Electric Arc Phenomena. Trans, by K. Tomberg.Svo, 

Rathbone, R. L. B. Simple Jewellery. . Svo, '2 

Ratean, A. Flow of Steam through Rozzles and Orifices. Trans, by H. 

B. Brydou. Svo Or 

Ransenberget, F. The Theory of the Recoil of Guns.Svo, *4 

Rtntenstrauch,W. BotesontheElementsofMtchineDesign.8vo,boards, *r 

Rantenstrauch, W,, and Williams, J. T. Machine Drafting and Empirical 
Design. 

Part L Machine Drafting. Svo, *t 

Part n. Empirical Design.(In Preparation.) 

Raymond, E. B. Alternating Current Engiruering.tamo, *2 

Rayner, H. Silk Throwing and Waste Silk Spinning.Svo, 

Recipes for the Color, Paint, Varnish, Oil, Soap end Drysaltery Trades . Svo, *3 

Recipes for Flint Glass Making.r zmo, *4 

Redfem, J. B., and Sgvin, J. Bells, Telephones (Installation Manuals 

Series.).i6mo, *« 

Eedgrove, H. S. Experimental Mensuration.ssmo, *; 

Redwood, B. Petroleum. (Science Series Ro. 92.).rfimo, 0 

Reed, 8. Turbines Applied to Marine Propulaion. *< 

Reed e Engineers' Handbook.Svo, '1 

—Key to the Hineteenth Edition of Reed’s Engineers’ Handbook.. Svo, 4 M 

.perful Hlnte to Sea-going Engineers.rsmo, 3 a 

Said, E. E. Introductisn to Research in Organic Chemistry. (Ik Frets.) 

Reid, E. A. Concrete and Reinfotced Concrete Conatmetion.Svo, *3 o< 

Rabihardt, C. W. Lsttaring for Draftsmen, Engineers, and Students. 

oblong 4to, boards, i a 
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Etliihuit, C. W. The Technic at Hechtnicel Dnfting, 

oU^, 4to, hoirhe, *1 0* 

Reieer, F. Hudeninf ud Temperini at Steel Tniu. by A. Hoiiis and 

H.Robion.inu), *150 

Reieer, R. Fanlti in the Minnlactiiie oi Woolen Ooodi. Team, by A 

Korria and H. Robaon. Sto, *a 

-Spinning and Weaving Calcniationi.Svo, *5 

Renwick, W. 0. Karbte and Marble Working.Svo, j 

Reuieanz, F. The Conitmetor. Trane, by H. H. Suplee.4to, *4 

Reuterdahl, A Theory and Deeign of Reinforced Concrete Archee.Svo, *1 

Rey, Jean. The Ranp of Electric Searchlight Frojectore.Svo, *4 

Reynolds, 0., and Idell, F. £. Triple Expansion Engines. (Science 

Series Ro. pp.).idmo, 0 

Rhead, 6. F. Simple Structural Woodwork. . . icmo, *1 

Rhodes, H. J. Art of Lithography.Svo, 3 

Rice, J. K., and Johnson, W. W. A Rew Method of Obtaining the LiSer- 

ential of Functions. ixmo, 0 

Richards, W. A Forging of Iron and Steel.ismo, i 

Richards, W. A, and North, H. B. Manual of Cement Testing... iimo, *1 

Richardson, J. The Modem Steam Engine . Svo, *3 

Richardson, S. S. Magnetism and Electricity. ixmo, *3 

Rideai, S. Glue and Glue Testing. Svo, *4 

Riesenberg, F. The Men on Deck.ismo, 3 

RimmeT,E.J. Boiler Explosions, Collapses and Mishaps. Svo, *1 

Rings, F. Concrete in Theory end Practice. ixmo, *2 

— Reinforced Concrete Bridges.4to, *5 

Ripper, W. Course of Instruction in Machine Drawing. foiio, *6 

Roberts, F. C. Figure of the Earth. (Science Series Ro. yp.).i6mo, 0 

Robmts, J., Jr. Laboratory Work in Electrical Engineering . ...Svo, *3 

Robertson, L. S. Water-tube Boilers.Svo, 3 

Robinson, J. B. Architectural Composition. Svo, *3 

Robinson, 8. W. Practical Treatise on the Teeth of Wheels. (Science 

Series Ro. 34.) . i6mo, 0 

—— Railroad Economics. (Science Series Ro. 5p.).i6mo, 0 

——Wrought Iron Bridge Members. (Science Series Ro. 60.).i6mo, 0 

Robson, J. H. Machine Drawing and Sketching.Svo, *3 

Roebling, J. A Long and Sheet Span Railway Bridges.folio, 35 

Rogers, A A Laboratory Guide of Industrial Chemistry.Svo, 3 

-Elements of Industrial Chemistry. ismo, *3 

-Manual of Industrial Chemistry.'.Svo, *5 

Rogers, F. Magnetism of bon Vessels. (Science Series Ro. 30.). i6mo, p 
Rohland, P. Colloidal and Ciystalloidal State of Matter. Trans, by 

W. J. Biidand and H. E. Potts.lamo, *i 

Rollinson, C. Alphabets.Oblong, ismo, *i 

Bose, J. The Pattem-maken'Assistant.Svo, s 

—- Key to Engines and Engine-running.ismo, s 

Rose, T. E. The Precious Metals. (Westminster Series.).Svo, *s 

Rosenhain, W. Glass Manufacture. (Westminster Seriea.).Svo. *s 

-Physical Metalluigy, An Introduction to, (Metallurgy Series.) 

Svo, *3 

Both, W. A Physical (Aemiatry.gvo, *s 
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Sowui, t J. Rtaetictl Fhyiici of tke Kodem Stum-boilor. Sto, *$ os 

utl IdfU, F. E. Boilet IncnutitioB and Conooion. (Sdence 

Soriei No. 07.).iSmo, 050 

, Soxiratili, W. Gosoral Foimdi7 Practico. (Woitmiiutet Seriea).>TO, *000 
Bnlmer, S. Wireloia Teleplumy. Trass, by J. EtsUso-lIurray. .800, *3 50 

RsiteU, A Theory of Elestilc Cables asd Netvodn.8vo, *3 00 

Rutloy, F. Elesieott of Niseralogy.niso. *1 03 


Sasford, P. O. intro-eq)loilveB.870, 

Sasnders, C. H. Hasdbook of Practical Idechasics.i 6 mo, ' 

leadier, 

Sayers, H. M. Brakes for Tram Cats. 8 vo, 

Scbeele, C. V. Chemical Essays. 8 to, 

Scheithauer, W. Shale Oils asd Tara.870, 

Scherer, R. Caaeis. Trans. Ity C. Salter. Bto, 

Scbidiowits, P. Robber, Its Production and Indostrlal Uses.S70, 

Schindler, K. Iron and Steel Construction Works.tamo, 

Schmall, C. N. First Course in Analytic Geometry, Plane and Solid. 

jsmo, half leather, 

Schmeet, L. Flow of Water.870, 

Schumann, F. A Hsnna^ of Beatisg and Ventilation_tamo, leather, 

Schvars, E. H. L Causal Geology. . . 8 ro, 

Scbweiser, V. Distillation of Resins. Sto, 

Scott, W. W. QnalitatiTe Analysis. A Laboratory Manual. Nev 

Edition . (Inl’ress.) 

-Standard Methods of Chemical Analysis.870, 

Scribner, J. M. Engineers’ asd Mechanics’ Companion. .i 6 mo, leather, 
Scndder, H. Electrical Conductiyity and Ionisation Constants of 

Organic Compounds. Bto, 

Seaiie, A B. Modem Brickmaking. 8 to, 

— Cement, Concrete and Bricks. 870 , 

Searle, G. IL “Sumners’ Methol" Condensed and Improred. 

(Science Series Ho. 124.)..-..i6mo, 

Seaton, A. E. Manual of Marine Engineering.870 

Seaton, A. E., and Rounthvaite, H. M. Pocket-book of Marine Engi¬ 
neering.i 6 mo, leather, 

Seeligmann, T., Torrilhon, 0 . L., and Falconnet, H. India Robber and 
Gotta Percha.. Trans, by J. 6 . McIntosh.870, 


Seidell, A Solubilities of Inorganic and Organic Substances... .870, 3 os 


Seligman, R Auminnm. (Metaling Series.).(/« Press.) 

Sellew, W. E. Steel Rails.4to, *10 00 

-Railuray Maintenance Engineering.ismo, *1 50 

Senter, G. Outlines of Phyrical Chemistry.ismo, *> oo 

—Text-book of Inorganic Chemistry.lamo, *i 73 

SoTcr, G. F. Electric Engineering Experiments.870, boards, *i 00 

SeTor, G. F., and Townsend, F. Laboratory and Factory Tests in Elec- 

, tiical Engineering.ten, *s 50 

SowaB, C. H. Wireless Telepaphy.»70, ‘s ou 

—Lafsom in Tel^aphy.some, *t 00 
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ScTell, X. The Conitnictlott of STStmoa. 

Sexton, A. S. Fuel and Sefiactoiy Hateiiala.lamo, 

-Chomiatr; of the Haterials of Engineering.lamo, 

—Alloya (Non-remraa) .8to, 

Sexton, A. H., and Prinuoae, J. S. G. The HoUUnigy of Iron and Steel. 

8VO, 

Seymour, A. Uodern Printing Inka.8ro, 


Shaw, Henry S. E. Uechanical Integratora. (Science Seriea No. 83.) 

i6mo, 


Shaw, S. Hiatory of the StaSordahire Potterioa.8 to, 

-Chemiatry of Compounda Heed in Porcelain Hanufacture_8 to, 

Shaw, T. S. Dnring of Machine Toola.i«no, 

-Preciaiott Grinding Machinea.umo, 

Shaw, W. N. Forecaating Weather.8 to, 

Sheldon, S., and Hauamann, E. Direct Current Machines.lamo, 

-Alternating Current Machines. iimo, 

Sheldon, 8., and Hausnunn, E. Electric Traction and Transmission 

Engineering.lamo, 

-Physical Laboratory Experiments, for Engineering Students. .8vo, 

Shields, J. E. Motes on Engineering Construction.ismo, 

Shreve, S. H. Strength of Bridges and Roofs.8vo, 

Shnnk, W. F. The Field Engineer.lamo, fabrikoid, 

Simmons, W. H., and Appleton, H. A Handbook of Soap Manufacture, 

8 to, 

Simmons, W. B., and Mitchell, C. A. Edible Fata and Oils .. .Sto, 

Simpson, G. The Maval Constructor.lamo, fabrikoid, 

Simpson, W. Foundations.8 to. t/« Press.) 


Sinclair, A. Devebpment of the Locomotive Engine.. 8vo, half leather, 
Slndall, R. W. Manufacture of Paper. (Westminster S^es.)_8vo, 


Sindall, R. W., and Bacon, W. M. The Testing of Wood Pulp. . 8vo, 

Sloane, T. O’C. Elementary Electrical Calculations.ismo, 

Smallwood, J. C. Mechanical Laboratory Methods. (Van Mo-Vr-a*. 

Textbooks.) .ismo, fabrikoid. 

Smith, C. A. M. Handbook of Testing, MATERIALS .8vo, 

Smith, C. A. H., and Warren, A. 6. Mew Steam Tables .. . .8vo, 

Smith, C. F. Practical Alternating Currents and Testing.8vo, 

-Practical Testing of Dynamos and Motors. 8to, 

Smith, F. A Railway Curves.ismo, 

-Standard Turnouts on American Railtoada.lamo, 

-Maintenance of Way Standards.ismo. 


Smith, F. E. Handbook of General Instmctian for Mechanics... ixmo. 


Smith, H. G. Minerals and the Microscope.ismo. 

Smith, J. C. Manufacture of Paint.8vo, 

Smith, R, H. Principles of Machine Work.ismo, 

— Advanced Machine Work.ismo. 

Smith, W. Chemistry of Hat Manufacturing;.ismo, 

Snell, A. T. Electric Motive Power.8vo, 

Snow, W. 6. Pocketbooktrf Steam Heating and Ventilation, (tn Press.) 
Snow, W. G., and Nolan, T. Ventilation of Buildings. (Science Series 

Ho. 5.).i&no,. 

Sodtfy, F. Radioactivity.Svo, 


*3 

•s 

*s 

*3 

•6 

*s 
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’•5 

*s 
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•3 

*s 

♦s 

*a 
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*3 
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*a 
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•a 
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*3 
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•3 00 
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golomm, H. Elaetric Lunpa. (Waatmiiutar Satiai.). in, *3 oo 

Somanulas, A N. Kacbuies for Haiiaa Esfinaata.lamo, *1 00 

-Maduiiical and Htiina Eiglnaariai Sdaiica.Sro, *5 00 

Sotham, J. W. The Mtilea Steam Tsihine.8 to, *6 oo 

—Tafbal Notes and Shetchei for Marina EnginearB.goo, oo 

Sothem, J. W., and Sotham, R. H. Elementary Mathamattci for 

Muina Enginaara.lamo, *i 50 

—1— Simple ProUami in Marina Engineering Deeign.lamo, 

Southcomba, J. E. Chemistry of the OS Industries. (Outlinas of In- 

■ • ’ dustrial Chemistry.).8vo, *3 00 

SoxUpt, D. H. Dyeing and Staining Marble. Tons, by A. Morris and 

H. Robson .8 to, "a go 

Spangenburg, L. Fatigue of Metals. Translated by S. H. Shreve. 

(Science Series No. 33.) .i6ma, 0 go 

Specht, G. J., Hardy, A. S., McMastar, J. B., and Walling. Topographical 

Surveying. (Science Series No. 73.).i6mo, 0 go 

Spencer, A S. Design of Steel-Framed Sheds.8vo, *3 go 

Speyers, C. t. Text-book of Physical Chemistry.Sro, *1 50 

Spiegel, L. Chemical Constitution and Physiological Action. ( Trans 

by C. Luedeking and A. C. Boylston.).ismo, *1 eg 

Sprague, E. H. Hydraulics.ismo, 1 go 

-Elements of Graphic Statics.Svo, t 00 

-Stability of Masonry.nmo, i go 

-Elementary Mathematics for Engineers.ismo, *1 go 

-Stability of Arches.ismo, i go 

-Strength of Structural Elements.ismo, 1 yg 


Stahl, A. W. Transmission of Power. (Science Series No. 38.). i6mo. 


Stahl, A. W., and Woods, A T. Elementary Mechanism.ismo, 

Staley, C., and Pierson, G. S. The Separate System of Sewerage.. .8vo, 

Standage, H. C. Leatherworkers’ Manual.8vo, 

--Sealing Waxes, Wafers, and Other Adhesives. 8 vd, 

-Agglutinants of all Kinds for all Puiposes.ismo, 

Stanley, H. Practical Applied Physics.(/« Press.) 

Stansbie, J. H. Iron and Steel. (Westminster Series.).Svo, 

Steadman, F. M. Unit Photography.ismo, 

Stechei, 6. E. Cork. Its Origin and Industrial Uses.ismo. 


Steinman, D. B. Suspension Bridges and CantUereis. (Science Series 


No. 137.). 

-Melan’i Steel Arches and Suspension Bridges.Svo, 

Stevens, E. J. Field Telephones and Telegraphs. 

Stevens, H. P. Paper Mill Chemist.idmo, 

Stevens, J. S. Theory of Measurements.ismo, 

Stevenson, J. L. Blast-Furnace Calculations.ismo, leather, 

Stewart, G. Modem Steam Traps.ismo, 

Stiloa, A. Tablos for Field Engineers.ismo, 

Stodola, A. Steam Turbines. Trans, by L. C. Loewenstein.Svo, 

Stone, H. The Timbers of Commerce.Svo, 

Stopes, M. Andent Plants.Svo, 

-The Study of Plant Life.Svo, 

8u||borongh,J.J.,andJamea,T.C. Practical Organic Chemlstiy.. ismo, 

SufSing, E. R. Treatise on the Art of Glass Painting.Svo, 

SuUlTaa, T. T., and Underwood, H. Testing and Talnatten of Build¬ 
ing and Engineering Materiala.(/» Press.) 


*3 00 
•3 00 
•3 so 
*3 00 
*3 50 

*3 OO 
♦a 00 
1 OO 

0 $0 
•3 00 
1 00 
•3 50 

•r 3g 

*2 00 
»i 3$ 
I 00 
•g 00 
3 SO 
*3 00 
*3 00 
•3 00 

•3 go 
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Sm, F. ]. S. Oa Pi 09 (ectiii( »b 4 . tro,' *t to 

Svenios, C. L. Haadlwolc <n Kpini.Svv, 4 oe 

-EimtiiU of DniUiig:.Sro, 1 30 

Swan, S. Pafenta, Derignt and Trade Harka. (Weatminater Seriei.). 

8»o, •» 00 • 

Swinlinmo,l.,'Woidiiithaiii,C.H.,andMaittB,T.C. Electric Cunenta. 

(Science Seriea Ho. 109.).idmo, 0.50 

SwoopOgC. W. Lessons in Prtcrical Electricltj.lamo, *100 


Tailfet, L. Bleaching Linen and Cotton Tam and Fahrica .8to, 1 s 00 

Tate,J.S. Snrchaiged and Different Forms of Retaining-walls. (Science ' 


Series Ho. 7.).idmo, 0 go 

Taylor, F. N. Ssudl Water Supplies.ismo, *1 jo 

-Masonry in Civil Engineering.8v«, *0 50 

Taylor, T. B. Snrreyor*a Handbook..ismo, leather, *1 00 

— Backbone of Perspective .ismo, *j 00 

Taylor, W. P. Practical Cement Testing.8vo, *3 00 


Templeton, W, Practical Hechanlc’s Workshop Companiott. 


ismo, morocco, a 00 

Tenney, E. H. Test Methods for Steam Power Plants. (Tan 


Nostrand’a Textbooks.) .ismo, *s 50 

Terry, H.L. India Rubber and its Uannfactnre. (Westminster Series.) 

8vo, ‘a 00 

Tliayer, H.R. Structural Design. 8vo. | 

Vol. L Elements of Structural Design. *s 00 

Tol. II. Design of Simple Stractnres. *4 00 

Vol. HL Design of Advanced Structures. (In Pnparalim.) 

-Foundations and Masonry.(in Preparalion.) 


Thiess, J. B., and Joy, G. A. Toll Telephone Practice.Svo, *350 

Thom,C.,and Jonea, W.H. Telegraphic Connections... .oblong, lamo, i go 

Thomas, C. W. Paper-makers’ Handbook . (In Pm».) 

Thomas, J. B. Strength of Ships.8v^ ■ 3 oo 

Thompson, A. B. Oil Fields of Russia. 4to, *7 go 

-Oil Field Development. 7 50 

Thompson, S. P. Dynamo Electric Hachines. (Science Series No. 7g.) 

idmo, 0 go 

Thompson, W. P. Handbook of Patent Law of All Countries.idmo, i go 

Thomson, 0. Modem Sanitary Engineering. .lamo, *300 

Thomson, 0. S. Milk and Cream Testing.ismo, *i 75 

-Uodem Sanitary Engineeiiiig, House Drainage, etc.Svo, *3 00 

Thomley, T. Cotbm Combing Hachines. .Svo, *3 00 

-(kitton Waste.Svo, *3 00 

-Cotton Spinning. Svo. 

First Tear. *1 go 

Second Year. *3 00 

Third Tear. •» go 

Thurso, J. W. Hodon Turbine Practice.Svo, *4 00 

Ti4y,C.Heyinatt Treatment of Sewage. (Science Seriea Ho. 94.)l6mo, 0 go 
TOIsnans, J. Wata Purification and Sewage DlsposaL Trans, by 

8. Taylor.(so, *a 00 

Thmey, W. B. GoMenlning Uachlnety.8vp, *300 

Thheriey, A.W. Laboiatoiy Coarse of Organic Chemistry.Svo, *a 00 
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Tuati, H. T. latotOB.Prejs.) 

Todi, H. Chemisby aad Technology of Peints.gvo 

—— MiteiUls for Ponmnent Pelaling.. jmo 

Tod, McGibfaon, W. C. Marine En^neere’ Board of Trade 

. EianunaUoiu ... 

Todd, J, and Whall, W. B, tactical Seamanihip.Byo^ 

Tonge, J, Coal. (Wostminater Series.).g»o, 

Toshsend, 7 . Alternating Current Engineering.8vo,l>oards, 

Townsend, J. S. loniution of Gaaes by Collision.8 to, 

Transactions of the American Institute of Chemical Engineers, gvo. 

Eight volumes now ready. Vol. I. to KI., ipod-tpiS. Vol 

X. Iti Press .gvo, each. 

Traverse Tables. (Sdence Series No. iig.).i6mo, 

morocco, 

Trelber, E. Foundry Machinery. Trana by C. Salter. timo, 

Ttinks,V.,andHousnm,C. Ste Governors. (Science Series No. ran.) 

i6mo, 

Trowbridge, W. P. Turbine Wheels. (Science Series No. 44.) idmo. 

Tucker, J. H. A Manual of Sugar Analysis .gvo, 

Tnnner, P. A. Treatise on Roll-turning. Trans, by J. B. Pearse. 

gvo, text and ftdio atlas, 
Turnbull, Jr., J., and Robinson, S. W. A Treatise on flie Compound 

Steam-engine. (Science Series No. 8.) .idmo. 

Turner, H. Worsted Spinners’ Handbook.lamo, 

Tntrill, S. H. Elementary Course in Perspective.iimo, 

Twyford, H. B. Purchasing.gvo, 

-Storing, Its Economic Aspects and Proper Methods.gvo, 

Tyrrell, H. 6. Design and Construction of Mill Buildings.Svo, 

-Concrete Bridges and Culverts.idmo, leather, 

-Artistic radge Design.gvo. 


Underhill, C. R. Solenoids, Electromagnets and Electromagnetic Wind¬ 


ings.lamo, 

Underwood, N., and Sullivan, T. V. Chemistry and Technology of 

Piinting Inks .gvo, 

Urquhart, J. W. Electro-plating.umo, 

-Electrotyping ,. .lanio, 

Usbome, P. 0 .6. Design of Simple Steel Bridges.gvo, 

Vacher, P. Food Inspector's Handbook .ismo. 

Tan Nostrand’s Oteaxcal Annual. Fourth issue rptg. .leather, ismo, 

-Year Book of Mechanical Engineering Data. (In Press.) 

Van Wagenen, T. F. Manual of Hydraulic Mining.xdmo. 

Tegs, ^on Ton. laigarithmic Tables.gvo, 

Tincent, C. Ammonia and its Compounds, (bans, by M. J. Salter. gvo, 

Tolk, C. Haulage and Ending Appliances .gvo. 

Ton Georgievlcs, G. Chemical Technology of Textile Fibres. Trans. 

■ byC.Saltet.gvo, 

-Chemistry of Dyestufs. 'Trans, by C. Salter.gvo, 

Tose,O.L. Ortidiic Method for Solving Certain Questions in Arithmetic 
and Algebra (Science Series No. id.).tdmo, 


29 


*4 00 
*2 00 

*a 00 
8 00 

*> 00 
•0 75 

•i S5 


6 00 
0 so 
X 00 
1 50 

0 50 
0 50 
3 SO 

XO 00 


♦a 00 
•i as 

*3 00 
3 00 
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Tosmier, A. Oioiie.8 to, "a $0 

Wabner.R. Ventilation In Hines. Ttans. by C. Saltei.8vo, *450 

VadeiE. J. Secondaiy Batteries..Bso, *4 o<^ 

Wadmore, T. H. Elementaiy Chemical Theory.tamo, *t s<> 

’Wadswor^, C. Primary Battery Ignition.lamo, *0 Se 

Vagner, E. Preserving Fruits, Vegetables, and Meat.ismo, *a 50 

Wagner, J. B. A Treatise on the Batnrai and Artificial Processes of 

Wood Seasonrrrg.8vo, 3 So 

Waldram, P. J. Principles of Structural Uechanics .ismo, *3 00 

Walker, F. Aerial Navigation..8vo, 

——Dynamo Building. (Science Series No. 98.).tdmo, 0 so 

Walker, J. Organic Chemistry for Students of Hedictne.Bvo, *a 50 

Walker, S. F. Steam Boilers, Engines and Tnrbines.8ro, 3 00 

-Sefrigeration, Heating and Ventilation on Shipboard.rimo, *s 00 

-Electricity in Hining. 8vo, '*3 50 

Wallis-Tayler, A J. Bearings ind Lubrication.8vo, *1 50 

-Aenal or Wtre Ropeways.8 to, *3 00 

-Preservation of Wood.8vo, 4 00 

-Sugar Machinery.iimo, *050 

Walsh, J. J. Chemistry and Physics of Hining and Mine Ventilation, 

ismo, *a 00 

Wanklyn, J. A. Water Analysis. .ismo, s 00 

Wanabrough, W. D. The A B C of the Differential Calculus.ismo, so 

— Slide Valves..ismo, *s 00 

Waring, Jr., G. E. Sanitary Conditions. (Science Series Ho. 31.). i6mo, 0 50 

-Sewerage and Land Drainage. *600 

-Modem Methods of Sewage Disposal.ismo, s 00 

-How to Drain a House.ismo, i sg 

Wames, A R. Coal Tat Diitillation.8vo, *5 00 

Warren, F. D. Handbook on Reinforced Concrete.ismo, ’"a go 

Watkins, A Photography. (Westminster Series.).8v<^ *a oo 

Watson, E. P. Small Engines and Boilers.ismo, i sg 

Watt, A Electro-plating and Electro-refining of Metals.8vo, *4 go 

-Electro-metallurgy.ismo, i 00 

-The Art of Soap Making.gvo, 3 00 

— Leather Mannfactnre.Bvo, '*400 

— Paper-Making.8vo, 3 00 

Webb, E. L. Guide to the Testing of Insulated Wires and Cables, ismo, 1 00 

Webber, W. E. 7 . Town Gas. (Westminster Series.).Bvo, *a 00 

Wegmann, Edward. Conveyance and Distribution of Water for 

Water Supply.8vo, g o» 

Weisbach, J. A Manual of Themetical Mechanics.Bvo, '*6 00 

sheep, »7 go 

Weisbach, J., and Herrmann, G. Mechanlca of Air Machinery... Bvo, yg 

Wella, H. B. Steel Bridge Designing.gvo, *a go 

Weston, E.B. Lon of Head Due to Friction of Water in Plpei..ismo, *1 go 

Wheatley, 0 . Onamental Cement Work.grog *e o» 

Whipple, S. An Elementary and Practleal Treatise on Bridge Bnlldini, 

White, C. H, Methods of MetaBurgiieal Analysie. (Vna Xsstra 2 l% ^ 
Tentbooks.) .tsme^ s go 
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WUt*, 6. F, QnalltltiTe Oumlctl Analyiit.luui, *i 15 

WUte, 6. T. Toothed Gouiiig.lamo, *1 ij 

• Widmet, B. J. MiliUry Btlloou.8 to, 3 00 

Wilcox,!. V. CaBtUerer Bridget. (Sciesce Series Bo. 05.)....:eiao, 050 

WfUa, E. Steam Turinnea. Ttasa. by C. Saltei.lamo, i so 

-Ctanea and Eoiata. Tiano by C. Salter.lamo, i so 

Wilkinoon, E. D. Submaiiae Cable Laying and Repairing.gro, *6 00 

WiSiamaon, J. Surveying.Bvo, *3 00 

Willifinson, H. S. On the Uae of the Barometer.4to, is 00 

-Practical Tablea in Meteorology and Hypsometery.4to, a 50 

Wilson, P. J., and Eeilbron, I. M. Chemical Theory and Calculation!. 

lamo, *1 oo 

Wilson, J. 7 . Easentiala of Electrical Engineering.8vo, 1 50 

Wimperia, E. E. Internal CombnaUon Engine.8vo, '3 oo 

-Application of Power to Road Transport.lamo, *1 50 

-Primer of Internal Combustion Engine.ismo, *1 oo 

Wincbell, N. E., and A. N. Elements of Optical Mineralogy.8vo, *3 30 

Winslow, A. Stadia Surveying. (Science Series No. 77.).idmo, 0 50 

Wisser, Lieut. }. P. Explosive Materials. (Science Series Ho. 70.J 

1^0, 0 30 

Wisser, Lieut J.P. Modem Gun Cotton. (Science Series No. 89.). iSmo, 030 

WolS, C. E. Modern Locomotive Practice.8vo, *4 10 

Wood, De y. Luminiferous Aether. (Science Series No. 83)...idmo, 030 
Wood, J. E. Chemistry of Dyeing. (Chemical Monographs No. s.) 

lamo, *1 00 

Worden, E. C. The Nitrocellulose Industry. Two Volumes.8vo, *10 00 

— T^nology of Cellulose Esters. In 10 volumes. Bvo. 

/ol. Vm. Cellulose Acetate. *3 “• 

Wren, E. Organometallic Compounds of Zinc and Magnesium. (Chem¬ 
ical Monographs Ho. i.).ramo, *1 00 

Wright, A C. Analysis of Oils and Allied Substances.Dvo, *3 go 

—Simple Method for Testing Painters’ Materials.Bvo, *1 30 

Wright, F. W. Design of a Condensing Plant.lamo, *i so 

Wright, E. E. Eandy Book for Brewms.Bvo, *5 00 

Wright J- Testing, Fault Finding, etc., for WitemeiL (Inetallation 

Ibnuals Series.).iBino, *0 50 

Wright T. W. Elements of Mechanics.Bvo, "a 30 

Wrii^t T. W, and Eayiord, J. F. Adjustment of ObservatioBS.. .Bvo, *3 00 
Wvane, W. E., and Sparagen, W. Handbook of Engineering Mathe¬ 
matics .BVO, »soo 


Yoder, J. H, and Wharen, 6. B, Locomotive Valvee and Valve Gears, 

Bvo, *3 00 

Young, J. S. Electrical Teating for Telegraph Engineers.Bvo, *4 00 

Youngaon. Slide Valve and Valve Gears.Bvo, a go 

Zahner, R. Transmiaslon of Power. (Science Series Ho. 40.)..tSmo, 

Zridler, J, and Lntgartan, J. Electric Arc Lamps.Bvo, *a 00 

Zenuar, A Technical Thermodynamics. Trans. 1 ^ J- E. Klein. Two 

Volumes.Bvo, *• 00 

ZImmar, 0 . F. Hechaalcal EandliBg and Storing of Materials... .ato, *is so 
■iV-Mechanical Handihq; of Material and Its National Importance 

During and After the War.4**, 4 00 

Slnaec, J. Textile Raw Katerlala. Trans, by C. Salter.Bvo, *s oo 

Znr Hadden, F. Engineering Wetkdwp MacUnas and Processes. Trans. 

“■ ^ J. A Davenport. Bvo, ‘a 00 
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are prepared to supply, either from 
their complete stock or at 
short notice, 
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In addition to publishing a very large 
and varied number of Scientific and 
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Company have on hand the largest 
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